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CARCINOMA OF THE UTERINE CERVIX TREATED 
WITH 400 KV. ROENTGEN RAYS AND RADIUM* 


By JOHN T. MURPHY, M.D., and C. E. HUFFORD, M.D. 


TOLEDO, OHIO 


HE treatment of 60 cases of carcinoma 
of the cervix uteri seen in our office dur- 
ing 1935, 1936 and 1937, all of which have 
been traced to date, resulted as follows: 


TABLE | 
Cases Number Number Survival 
Year Treated Living Dead Rate 
1935 20 6 14 5 yr.— 30% 
1936 27 11 16 4 yr.—40.7% 
1937 14 8 6 3 yr.—57.1% 


All were treated by roentgen rays gen- 
erated at 400 kv., pulsating potential, and 
at 5 ma. The filter used has been of two 
types, because of changes in the tube, which 
was of sealed construction. At first the filter 
was 2 mm. of copper inherent, with 0.25 
mm. of copper plus 0.4 mm. of tin and 1 
mm. of aluminum added. Later the filter 
was I mm. of copper inherent, with 0.25 
mm. of copper plus 0.8 mm. of tin and 1 
mm. of aluminum added. The half-value 
layer (Glasser) was 5.2 mm. of copper. The 
distance used was 80 cm. The depth dose 
at 10cm. was estimated at 45 per cent for 
a 1§X1§ cm. portal. The rate of emission 
varied with tubes, but was never far from 
i$ r per minute. 


In some of the first cases treated four 
fields were used: one anterior, one posterior, 
and two lateral; the size of the portals 
15X15 cm. Later this was changed to three 
fields: one anterior, one posterior, and one 
perineal; the anterior and posterior portals 
remaining at 15X15 cm. and the perineal 
portal varying from 7.5 X7.5 cm. to 10X10 
cm. The 10X10 cm. perineal portal is now 
used routinely. Only one field per day was 
treated and the daily dose was usually 200 
r, never more. When the bowel symptoms 
or the general condition of the patient de- 
manded it, the daily dose was lowered to 
r. 

The method of application was as fol- 
lows: The patient was treated over the an- 
terior and posterior areas on alternate days 
through a 15 X15 cm. portal until the total 
dose to these fields was given. The patient 
was then treated daily over the perineal 
area. The time required for the entire pro- 
cedure was about forty elapsed days. 

The average amount of roentgen radia- 
tion varied from 2,500 r to 2,850 r, meas- 
ured in air, to each of the anterior and 
posterior portals, and 1,800 r over the 
perineal portal. No attempt has been made 
to measure the tumor dose. The effect on 
the bowel was the factor which determined 


* Read at the Twenty-fifth Annual Meeting, American Roentgen Ray Society, New York, N. Y., June 10-11, 1940. 


8ol 


802 John T. Murphy and C. E. Hufford 


the total dose. Until it became evident that 
permanent damage to the bowel mucosa 
might result, the anteroposterior fields were 
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ANALYSIS OF RESULTS 1935 


No. Cases No. | No. | Survival 


Stage 
tage | Cases percent Alive) Dead | per cent 
I 5 100 
1 2 10 2 ° 100 
2 10 2 
85 17.5 
IV 1g | 75 3 12 | 20 
All 
stages 20 100 6 14 30 


One case has definite recurrent cancer in the pelvis. Four of 
these cases were so far advanced, the roentgen treatment was 
given only for palliation. No radium was used. One of the 4 only 
received about one-third of the usual amount of roentgen radia- 
tion. All were dead within five months. 


continued and then the perineal field was 
given. The skin reaction was not a factor 
in the control of dosage. The reaction, 
while sharp, healed quickly, with little sec- 
ondary change. 

In some of these cases roentgen irradia- 
tion was given before the radium was used. 
In these cases, by the time the skin reaction 
subsided, usually in about three wecks, 
vaginal examination revealed very little 
evidence of the original lesion. As a rule, 
the radium was not used until the skin 
had healed. We have not decided definitely 
that giving the roentgen radiation first has 
any advantage. 

In some cases where the roentgen radia- 
tion was used first, there was a tendency, 
because of the improvement noted in the 
gross appearance, to reduce the dose of 
radium. This we believe to be a mistake. 
We feel that at least 4,000 milligram-hours 
should be used, the distribution of the ap- 
plicators and methods of application to be 
suited to each individual case. 

In classifying the stages of the disease in 
the cases we have reported, we have at- 
tempted to follow the method of Schmitz. 
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We realize, however, that some variations 
may be made in our clinical grouping. 


COMPLICATIONS 


Diarrhea. This varies greatly. Some pa- 
tients develop it early in the second week of 
treatment, at which time it may often be 
controlled by lowering the daily dose, plus 
the administration of a few doses of pare- 
goric. 

This early diarrhea is rarely severe, and 
is not an indication for discontinuing the 
treatment. Later in the course of treatment, 
in the fourth week, diarrhea will again ap- 
pear. This can be controlled by larger doses 
of paregoric for a few days, but treatment 
must soon be stopped, or serious damage 
to the bowel will occur. This diarrhea is 
often accompanied by crampy pains which 
are not usually severe, but do cause some 
trouble and anxiety. 

In the literature necrosis of the small 
bowel has been reported. This we have not 
encountered. It is our belief that a bowel 
damaged by previous irradiation will ex- 
plain most of these cases. 

Skin Reaction. This is no longer an im- 
portant or controlling factor. The use of a 
divided dose technique, heavier filters, and 
perhaps the use of higher voltages, permits 
the continuation of the treatment to a total 
dose that often produces extensive primary 
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ANALYSIS OF RESULTS 1936 


; No. Cases No. No. | Survival 
Stage 


Cases| percent | Alive Dead | per cent 
I 2 7.4 2 ° 100 
II 4 14.7 2 2 50 
8 29.8 | 4 4 
78 33 
IV 13 48.1 3 10 23 | 
All 
stages 27 100 11 6 | 4.7 


Two of these cases were so far advanced roentgen irradiation 
was given only for palliation. No radium was used. Both of these 
cases died within six months. 


skin change. These reactions end in com- 
plete healing. Observation of the skin, ir- 
radiated with the above technique, over a 
period of five years has shown little sec- 
ondary change. There may be some lym- 
phatic stasis and some thickening of the 
skin, slight but not marked telangiectasia 
with a complete loss of pubic hair, but in 
no instance has the patient complained 
from these late effects on the skin. 

Radiation Sickness. The nausea and vom- 
iting from radiation sickness are not im- 
portant factors. The use of small daily doses 
makes it possible, by careful attention to 
diet and the forcing of food when nausea 
does occur, to continue with little and often 
no untoward effects. There is, however, a 
reaction, a systemic one, which occurs in 
some patients, usually in those already de- 
bilitated. Its main manifestations are a loss 
of strength and appetite, and a general 
breakdown. The exact cause of this we do 
not know. It is, however, a far more serious 
complication than nausea. We have been 
able to control this fairly well by the use of 
liver extract, I cc. given intramuscularly 
each day. 

Vaginal adhesions occur in all cases. 
These are the result of the reaction on the 
vaginal mucosa, which is usually quite in- 
tense. By frequent introduction of a specu- 
lum these adhesions may be prevented from 
becoming permanent. However, in some 
patients a marked narrowing of the vagina 
occurs. This is due to a late pelvic fibrosis, 
and is most marked when the disease has 
been extensive. This pelvic fibrosis has not 
produced serious symptoms in our cases, 
nor has this fibrosis involved the ureters so 
that clinical symptoms have resulted. The 
principal complication of pelvic fibrosis is 
hxation of the pelvic structures. This fixa- 
tion makes it difficult to determine whether 
residual tumor or recurrent disease is pres- 

nt. 
Bladder symptoms have been few, and 
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ANALYSIS OF RESULTS 1937 


No. | No. 


St No. Cases Survival 
Stage 
Cases) percent | Alive! Dead) per cent 
I 2 14.2 2 fo) 100 
3 21.5 3 100 
1 6 | 42.8 ) 2 4 | 333) 
> 44 
64.3 334 
IV 3 | 21.6 I 2 | 334 
All 
stages 14 100 8 | 6 | 57.1 


One, a Stage 1, in a retained cervix after partial hysterectomy 
received no radium. This patient is alive without evidence of dis- 
ease. 
most of them mild, and quickly relieved by 
simple remedies. A very recent case de- 
veloped an ulcer which had the appearance 
of a malignant change. However, sections 
showed it to be inflammatory, and it healed 
rapidly under treatment by a urologist. 

Vesicovaginal and rectovaginal fistulae 
have occurred in some of the patients who 
have died. Rectovaginal fistula also occurred 
in one patient who has survived. This 
was a small opening which persisted for 
some time, but has closed spontaneously. 

None of our cases has shown fracture of 
the femur such as are reported in the litera- 
ture. One of the most annoying, but not 
serious complications has been that of the 
changes in the rectum and pelvic colon 
which occur three to six months following 
completion of the treatment. The patient 
complains of frequent, small stools contain- 
ing mucus and some blood. Tenesmus is 
present. The anterior wall of the rectum 
and pelvic colon show an injected mucosa 
with numerous small ulcerated areas. These 
symptoms are relieved by cleansing and 
soothing enemas. No permanent rectal 
damage has occurred in any of the cases 
reported.* 


* For discussion see page 826. 
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CARCINOMA OF THE CERVIX UTERI 
A STUDY OF 727 CASES* 


By HAROLD G. F. EDWARDS, M.D., F.A.C.P. 
Late Clinical Director, Tumor Clinic, Shreveport Charity Hospital 
SHREVEPORT, LOUISIANA 


HE fact that cancer of the cervix exacts 

annually in this country a toll of more 
than 16,000 women has prompted this 
study of an abundant material. It is offered 
with the hope that our experience may be 
of some value in bettering the results se- 
cured from radiation therapy in the treat- 
ment of this cancer. 

The material comprised in the study was 
obtained from the Tumor Clinic of the 
Shreveport Charity Hospital, a State main- 
tained institution for indigents, of 800 beds, 
and from my private clinic. The great 
majority of the patients were seen in the 
Charity Hospital clinic. 

Taste | 
ANATOMIC DISTRIBUTION OF GOS CASES OF CANCER OF 
THE FEMALE GENERATIVE TRACT, JULY 2, 
1932 TO APRIL 30, 1940 


Location of Carcinoma Number 

of Cases 
Cervix 727 
Corpus of uterus 67 
Ovary §2 
Vulva 34 
Vagina 13 
Sarcoma of uterus 10 
Chorionepithelioma 2 
GRAND TOTAL 


The study covers a period of nearly eight 
years, from July 2, 1932, to April 30, 1940. 
During this time 905 cases of cancer of the 
female genital tract were seen. The ana- 
tomical distribution of the lesions is shown 
in Table 1. Carcinoma of the cervix of the 
uterus accounts for 727 cases, or 80 per 
cent of the total. A study of the annual 
admissions reveals that an average of 93 
new patients with cervical cancer have been 
admitted to the Tumor Clinic each year. 


Two hundred and sixty-five of the patients 
were white, 462 were Negro. The youngest 
patient was eighteen years of age, the old- 
est was eighty-three. 

Biopsies were carried out on all but 26 of 
the patients. Six hundred and seventy of 
the cancers were epidermoid carcinomas. 
Four hundred and thirty-five were of Grade 
2; 172 of Grade 3; 21 of Grade 4, and 42 
were not graded. There were 31 adenocar- 
cinomas. 

Clinically, the cases have been grouped 
according to the League of Nations classi- 
fication, which is as follows: 

Stage I. Disease limited to cervix; uterus 
mobile. 

Stage II. Disease spreading into fornices 
with or without infiltration adjacent to 
uterus; uterus partially mobile. 

Stage III. (a) Nodular infiltration of 
parametrium extending to wall of pelvis, 
with limited mobility of uterus or massive 
infiltration of parametrium with fixed uter- 
us. 

(b) Superficial infiltration of large part of 
vagina, with mobile uterus. 

(c) Isolated metastases in pelvic glands 
with relatively small primary growth. 

(d) Isolated metastases in lower part of 
vagina. 

Stage IV. (a) Massive infiltration of 
both parametria extending to walls of pel- 
vis. 

(b) Disease involving bladder or rectum. 

(c) Whole vagina infiltrated, or one vag- 
inal wall entirely infiltrated with fixation of 
primary growth. 

(d) Remote metastases. 

In the material of this study 63 cases 
were, at the beginning of treatment, in 
Stage 1 of the above clinical classification 
of the stage of the disease, 126 in Stag 


* Read at the Twenty-fifth Annual Meeting, American Radium Society, New York, N. Y., June 10-11, 1940. 
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CARCINOMA OF CERVIX. CLINICAL GROUPING 
ie Year of Admittance 
Clinical 
Classification 

1932 | 1933 | 1934 | 1935 | 1936 | 1937 | 1938 | 1939 | 1940 | Total 
Carcinoma of cervix, Stage 1 2 6 6 3 15 8 9 8 6 63 
Carcinoma of cervix, Stage 1 10 13 16 5 18 16 16 14 8 126 
Carcinoma of cervix, Stage 111 7 24 17 21 36 27 27 17 5 181 
Carcinoma of cervix, Stage Iv 20 35 33 43 33 56 $7 58 22 (| 357 
TOTAL 39 78 72 82 102 107 10g 67 4! 727 


1, 181 in Stage 111, and 357 in Stage Iv. 

Table 11 shows admissions year by year 
for each of the four stages. It is not possible 
to find in this table any definite trend in 
the distribution of cases between the dif- 
ferent stages; in other words, it yields no 
evidence that we are seeing our cases of 
cancer of the cervix at an earlier stage of 
the disease. 

On admission to the Tumor Clinic every 
patient received a complete physical ex- 
amination, including blood examination 
and urological survey when possible; it has 
been our goal that this urological survey 
should include pyelographic study of the 
kidneys. When indicated, special investiga- 
tion of the chest and gastrointestinal tract 
has been made. As already stated, a biopsy 
study was done on nearly every case. 

Of the 727 patients seen, only 40 re- 
ceived no treatment. The reason for no 
treatment in these cases was either the un- 
satisfactory condition of the patient or her 
desertion from the hospital. 

The majority of the patients in this study 
were subjected to the intensive plan of 
high voltage roentgen treatment, employ- 
ing from four to six pelvic fields, with doses 
ranging from 1,200 r/o to 2,400 r/o to each 
field. I shall presently briefly discuss this 
plan of treatment. 

Three hundred and twenty-two patients, 
that is approximately 44 per cent of the 
‘otal group or 47 per cent of the number of 
vatients treated, received radium therapy 
n addition to high voltage roentgen treat- 
nent. The radium application followed im- 


mediately after the completion of the se- 
ries of roentgen exposures. Treatment was 
based on the following general plan: The 
radium is applied in the cervix and vagina 
with a modified type of Regaud applicator. 
In the cervix and uterine canal filtration is 
through 1 mm. of platinum; in the vaginal 
portion, through 1.5 mm. of platinum. The 
radium is applied for a total of 6,000 to 
7,500 mg-hr. The applicator is held securely 
in position by wide gauze packs well satu- 
rated with a solution of acriflavine 1: 1000 
and left in place throughout the period of 
application of the radium, which is from 
four to five days. 

However, no single type of applicator 
can be used in all cases, and, as Arneson 
points out, no single dosage standard is 
possible. Very frequently it is not possible 
to use the colpostat because of contraction 
or infiltration in the upper vault. In a large 
number of patients the three corks cannot 
be used and for this reason I prefer to use 
the Clark type of cross-arm applicator 
along with a two-cork colpostat. Sometimes 
two corks cannot be used and only one 
central cork is employed. Frequently a 
London-type of vaginal applicator, which 
consists of three or four smaller corks, may 
be used to advantage. Certain bulky car- 
cinomas of our series were first treated with 
the interstitial implantation of monel radi- 
um needles, making use of the caustic beta 
rays and bringing about a more rapid re- 
duction of the tumor mass. 

The intensive protracted application of 
fractional roentgen-ray doses to the pelvis 
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CARCINOMA OF CERVIX, SURVIVAL ANALYSIS—727 CASES 
S 
Year of Admission t 
3 
1932 | 1933 | 1934 | 1935 | 1936 | 193 1938 | 1939 | 194° r 
t 
Sl wm! S| wm] wm] wm] wm] S| y 
Stage | 2 o 6 4 6& 3 3) 1s) 8 of 7 
Stage 11 10} 2} 13) 4) 16) 12) 18) 8] 16} 8 16 13) 14) 13) 8 8 
Stage 111 31 241 21; 3) 36) 12) 27| 10} 27| Ig) 17] 16) 5§) 5 
Stage Iv 20} O} 35) 33) O} 43) O} 33) O} 56) 3) 58) 23) 22) 20 
TOTAL CASES 39| 78) 13) 72) 20) 82) 31,107) 28109 97) 41 39 
is calculated to produce approximately 4 mately 10 per cent of cases and that the 


to 7 erythema doses in the parametrium 
and, when supplemented by the radium 
application, from 15 to 25 erythema doses 
at the cervix and in the surrounding 5 cm. 
of tissue. 

Our autopsies on patients dying from 
cancer of the cervix show that many pa- 
tients have had the disease cured or ar- 
rested in the pelvis or treated areas and 
have died from the results of metastatic 
nodes above the brim of the pelvis, con- 
firming statements in the literature to the 
effect that the spread of lymph node metas- 
tasis is manifested beyond the iliac crests, 
beyond the irradiated pelvis in approxi- 


lumbar aortic nodes and glands over the 
common iliac vessels are the glands in- 
volved below the diaphragm. This has led 
me to employ an original plan, that of ir- 
radiating the para-aortic lymphatic area. 
This series of high voltage roentgen treat- 
ments has usually been instituted two 
months after the irradiation of the cervix 
and pelvis. Two anterior and two posterior 
fields are irradiated, from below the dia- 
phragm to the iliac spine. 

Results as shown by survival appear in 
Table 11 for each stage separately and for 
the admissions of each year, for the entire 
group of 727 patients. Table 1v shows the 


TABLE IV 


CARCINOMA OF CERVIX 


1932 to 1940 
Seven Year Group 


SEVEN, 


SIX, AND FIVE YEAR SURVIVALS 


1933 to 1940 


1934 to 1940 
Six Year Group 


Five Year Group 


Clinical 

Classification | Number} Per- Number Per- Number ,, Per- 

| of Number centage of Number centage of Number centage 

Patients| ne Survivals | Patients Living Survivals | Patients Living Survivals 
Stage | 2 ° 0.0 6 4 66 .67 6 3 50.0 
Stage 11 10 2 20.0 13 4 30.77 16 12 75.0 
Stage 111 7 3 42.86 24 5 20.83 17 5 29.41 
Stage Iv 20 ° 0.0 35 0.0 33 0.0 

TOTAL CARCINO- 

MA OF CERVIX 39 5 2.56 78 13 16.67 72 20 27.77 
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survivals, for each stage, of three subgroups 
of patients, whose treatment dates back 
seven, six, and five years, respectively, a 
total of 189 patients. Of these 189 patients, 
38, or 20.10 per cent, are alive today five or 


more years after admission. Fourteen of 


the 189 patients were in Stage 1 at the time 
of admission, 39 in Stage 1, 48 in Stage 
1, and 88 in Stage 1v. Of the 14 patients 
in Stage 1, 7 are living; of the 39 patients in 
Stage 11, 18 are living; of the 48 in Stage 
1, 13 are living; there are no survivals 
today of the 88 patients whose disease had 
advanced to Stage 1v by the time it was 
seen by us in 1932, 1933 or 1934. Consider- 
ing the seven year, six year and five year 
periods separately, we find, in 1940, § sur- 
vivors among the 39 patients admitted in 
1932, a seven year survival rate of 12.56 
per cent; 13 survivors of the 78 patients 
admitted in 1933, a survival rate of 16.67; 
20 survivors of the 72 patients admitted in 
1934, a survival rate for the last five years 
of 27.77 per cent. 

In Table v may be seen the mortality due 
to causes other than cancer. Irradiation 
enteritis accounted for 8 deaths, toxemia 
4, peritonitis 3, second primary tumors 2, 
pneumonia 2, pellagra 3, hemorrhage 1. 
Altogether 23 of the 727 patients admitted 
for cancer of the cervix succumbed to some 
other condition. The 8 deaths from irradia- 
tion enteritis do not represent an over- 
high mortality from this cause when one 
remembers that intensive high voltage ra- 
diation was given in large doses to a great 
majority of the patients. 

In evaluating our results and especially 
in comparing them with results obtained in 
other sections of the country, it should be 
borne in mind that not only were our pa- 
tients for the most part indigents, who pre- 
sent a different problem from that en- 
countered in the private clinic, but the 
majority were of the Negro race, from 
which one is, in general, not able to secure 
as good cooperation in treatment and 
ollow-up endeavors as from the white race. 
Notwithstanding the efforts of a full-time 
(umor Clinic secretary and social workers 
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along with cooperative public health units, 
it has in a great many cases been impossible 
to follow patients after they have left the 
hospital. In preparing this report, however, 
every patient who has not been traced has 
been regarded as having died from the 
disease. We regret that we are not able to 


TABLE V 
CANCER OF CERVIX. MORTALITY DUE TO 
CAUSES OTHER THAN CANCER, JULY 2, 
1932 TO APRIL 30, 1940 


Cause of Death Number 
of Cases 
Terminal ileitis 
Toxemia 

Peritonitis 

Second primary tumor 
Pneumonia 

Pellagra 

Hemorrhage 


TOTAL 


w 


report 100 per cent follow-up, as did Dr. 
Miller. Two further factors influencing re- 
sults are that more than 75 per cent of our 
patients were received in an advanced stage 
of the disease and that the material re- 
ported on includes those patients who re- 
ceived no treatment because of poor con- 
dition and those who voluntarily left the 
hospital before treatment was completed. 
It is felt that the survival figures reveal the 
best we may expect to accomplish with 
radiation methods at present at our dis- 
posal in patients who are in an advanced 
stage of the disease. 

No one will deny that progress has been 
made in the diagnosis and treatment of 
cancer of the cervix, yet a study of cases 
reveals that most patients come too late to 
be cured, not until symptoms have been 
present for many months. Hamant and 
Kénig state some of the main causes of 
delay as follows: The patient does not know 
the symptoms of cancer and attributes the 
bleeding to the change of life. She is not 
alarmed until she notes pain, weakness, or 
loss of weight; seeks advice from friends, 
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neighbors or quacks; hesitates to see a 
physician for fear she may be told that she 
has a cancer or that she must go to a hospi- 
tal. The physician fails to examine the pa- 
tient or does not study her carefully. Be- 
cause of inadequate training, the physician 
cannot recognize cancer, misses the diag- 
nosis, gives wrong advice, and begins inap- 
propriate treatment. 


PREVENTION 


The value of lay education will be denied 
by no one and no one will be willing to dis- 
count the tremendous effort or sincere pur- 
pose behind these programs, but cancer 
propangada has apparently not yet im- 
proved the material handled in my clinic. 
Bloodgood believed that the important 
——- by which cures can be increased are: 

) education of women and of physicians 
with regard to the protective value of 
periodic pelvic examinations, making pos- 
sible a diagnosis of early cancer before 
symptoms occur, at a time when a large 
percentage of cures may be expected; (2) 
training of skilled radiologists to meet the 
increasing demands of cancer clinics. I am 
in agreement that improvement can come 
only when cancer programs have made pos- 
sible, through education, semi-annual ex- 
amination of every woman over thirty-five 
years of age by a physician who is quali- 
fied by special training to recognize early 
cervical carcinoma. 

Cancer of the cervix is, as a rule, pre- 
ceded by chronic cervicitis. The accidents 
of labor and abortion frequently terminate 
in low grade infections of the genital organs 
and in such infections the vaginal portion 
of the cervix is always involved. Chronic 
infections of low grade appear to be the 
forerunners of cancer. To prevent cancer 
of the cervix a diligent search must be made 
for chronic infections and if any such 
found adequate treatment must be insti- 
tuted. Lacerations should be repaired, ero- 
sions and cysts should be cauterized. Schil- 
ler’s test should be done; if positive, it 
may mean an erosion, a luetic ulcer, leuko- 
plakia or carcinoma. A biopsy specimen 
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should be taken from the area and a careful 
microscopic study made so that an earl) 
and correct diagnosis may be made of the 
lesion present. 


DIAGNOSIS 


It is agreed that success in treatment of 
cancer of the cervix depends almost en- 
tirely upon early diagnosis. Unfortunately, 
the symptoms of early cancer are so trivial 
that they fail to attract the attention of 
the patient. Hence it is fallacious to think 
that the problem of early diagnosis of can- 
cer can be solved so long as we depend on 
the patient to come to us with a complaint. 
Leukorrhea, bleeding and pain are not 
symptoms of early cancer, but of a lesion 
that has already become firmly planted in 
the cervical tissue. Vaginal discharge does 
not appear until the cancer has grown to 
sufficient size to cause active congestion 
and increased activity of the cervical glands. 
Bleeding cannot and does not make its 
appearance until the cancerous growth has 
replaced a considerable amount of tissue 
and until ulceration has taken place. The 
cervix is well known to tolerate consider- 
able damage before there is pain, which oc- 
curs only as a late symptom. When symp- 
toms occur which the patient can recognize, 
cancer is already well established. 

Thus it is not surprising that so few pa- 
tients have an early diagnosis, for it is 
quite evident that the early diagnosis of 
cancer of the ceruix must depend on some- 
thing more than the symptoms which the 
patient can recognize. Early cancer findings 
are entirely objective and require a micro- 
scopic study for diagnosis. The early clini- 
cal appearance of cancer of the cervix is a 
nodule; if of the everting type, this nodule 
progresses to a typical cauliflower growth 
with necrosis and later a sloughing mass 
which leaves a crater behind. If the nodule is 
of the inverting type, it grows to considera 
ble size and finally ulcerates, becomes sec 
ondarily infected and, as a result, leaves a 
large crater. 

It is important to determine the clinical 
extent of the disease, since it is on this in 


formation that the treatment must be 
planned. To this end, a careful vaginal ex- 
amination is necessary. Early cancer is 
limited to the cervix and on palpation the 
uterus is freely movable and the adjacent 
tissues present no signs of secondary in- 
flammation. When active growth has begun 
in the lesion, the adjacent tissues are in- 
vaded by root-like extensions of cancer cells 
and infiltration into the paracervical tis- 
sues, and now the uterus is partly fixed be- 
cause of the infiltration. When the invasion 
has extended into the parametrium, the 
fixation of the uterus is increased because 
of the loss of elasticity of the parametrial 
tissue. In the final stage, the entire pelvis 
is “frozen,” showing that the disease has 
invaded other organs and tissues. Rectal 
examination will frequently convey more 
information in Stages 11, 11 and iv than 
vaginal examination and will permit palpa- 
tion of regional lymph nodes that could 
not be felt through the vagina. The group- 
ing according to clinical stage—the League 
of Nations Classification—1is recognized to- 
day in most of the gynecological clinics of 
the world. It is based entirely upon clinical 
findings and not on surgical ability. The 
terms operable, border line, and non-oper- 
able are obsolete and should be discarded 
forever. The simplicity of the classification 
means much to the average radiologist deal- 
ing with cancer. 


PROGNOSIS 


The prognosis of a given case of cancer 
of the cervix depends, first, on the clinical 
stage of the disease; second, on the age of 
the patient, and last but not least, on the 
plan of treatment. Pain is a bad prognostic 
sign, even in early cases. When it is referred 
to the back, hips and thighs, it usually in- 
dicates that the disease has already spread 
to the paravertebral lymph nodes. 

Within the past few years much has been 
written about the prognostic value of the 
ustologic grade of the tumor. At present, 
t may be said that the radiosensitiveness of 

he different histologic forms of cancer of 
he cervix is still unsettled, although the 
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results which are being secured tend to sup- 
port to some extent the biologic relation 
between anaplasia and radiosensitivity. Re- 
sults secured in treatment of the four tissue 
groups are practically the same; there does 
appear a small difference between the 
adenocarcinoma group and the epidermoid 
group of marked anaplasia. Tissue grading 
alone seems to be of little prognostic value. 
On the other hand, histologic grading is of 
great value in determining the radiosensi- 
tivity of the tumor in determining whether 
or not metastasis is likely to occur. There 
is no indication that the adenocarcinomas 
are a less favorable group and that as such 
they should be relegated to surgery. 

Healy, Schmitz, Watson, Curtis, Ward 
and many leading American gynecologists 
unhesitatingly state that surgery is not the 
method of choice in the treatment of cancer 
of the cervix. Nevertheless, there is still 
found an operator here and there who can- 
not refrain from hysterectomy in cancer of 
the cervix, despite the poor results which 
accompany it. 


TREATMENT 


Combined Surgery and Radium. The re- 
cent publications of Gelhorn, Curtis and 
Taussig, wherein they advocate coinciden- 
tal surgical exposure and radium therapy, 
certainly represent a surgeon’s dream, a 
radiologic nightmare, and reflect a lack of 
knowledge of the physics of radium thera- 
py. Such a combination of methods is not 
the road to success. 

Radiation Therapy. In 1913 the medical 
literature began to contain articles from 
European centers reporting splendid results 
obtained from application of radium in ad- 
vanced cases of cancer of the cervix and 
vagina. So striking were the results that 
soon radium treatment was given to more 
favorable cases, and, lastly, early cases 
which would have been regarded as suit- 
able for the Wertheim operation were 
treated with radium. From this point on, 
the leading gynecologists throughout the 
world began to employ radium in the treat- 
ment of cancer of the cervix. 
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There are certain factors, pointed out by 
Healy, which are responsible for bringing 
about this rapid acceptance of radium in 
the treatment of carcinoma of the cervix. 
Carcinoma of the cervix, it was known, has 
the peculiar characteristic of remaining lo- 
calized for a long time at or near its primary 
site in the pelvis, rarely throws out distant 
metastases but practically always recurs 
in the parametrial lymphatics or in the 
parametrial tissues. It was at once evident 
that here was a lesion that could be reached 
by radiation, not only at its primary site 
but also in the region of the adjoining 
lymphatics. Soon it was found that car- 
cinoma of the cervix was, furthermore, a 
disease which, in a large proportion of cases 

was quite radiosensitive. 


Results of radium treatment of cancer of 


the cervix have shown steady improvement 
in the last few years, owing to improved 
irradiation technique. Laborde states that 
the percentage of cures in cancer of the 
cervix in the Cancer Institute, University 
of Paris, is §7.5 per cent for Stage 1, 48.9 per 
cent for Stage 11, 31.6 per cent for Stage 

, 4.5 per cent for Stage 1v; Schmitz re- 
ports cures in Stage 1 of 87.88 per cent, 
Stage 1 of 47.17 per cent, Stage 111 of 17.7 
per cent; Healy, Stage 1, 58.1 per cent; 
Stage 11, 38.4 per cent; Stage III, 22.0 per 
cent; Stage iv, 6.3 per cent; Heyman 
(Radiumhemmet) Stage 1, 42.0 per cent; 
Stage Il, 43.0 per cent; Stage III, 17.0 per 
cent; Stage 1v, 9.0 per cent; Miller, Stage 
1, §0.0 per cent; Stage 11, 26.0 per cent; 
Stage 111, 18.0 per cent; Stage Iv, 7.0 per 
cent. 

The progress of radiation therapy of the 
cervix has been slow and orderly, each 
period has shown an attempt to deliver a 
maximum amount of radiation to the can- 
cer cells with a minimum effect on normal 
tissue. 

It would be amiss not to point out that 
a well planned course of radiation therapy 
demands considerably more painstaking ef- 
fort in planning of treatment and in prepa- 
ration of the patient than many major 
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surgical operations. This should be con- 
stantly borne in mind if the maximum re- 
sults are to be expected. 

Some therapists employ only radium 
while others depend largely on roentgen 
treatments. A study of the methods em- 
ployed by the most eminent gynecologists 
makes it clear that adequate irradiation 
does not mean merely inserting a capsule 
of radium in the cervical canal for twenty. 
four or forty-eight hours. In fact, a single 
capsule of radium rarely has place in the 
treatment of cancer of the cervix. In all 
probability, the single capsule is responsi- 
ble for more deaths from cancer of the 
cervix than cures. Today the leading can- 
cer therapists and gynecologists are all 
striving for the same goal and the method 
of each, while showing slight variation in 
technique, embodies the principle of ad- 
ministering a lethal dose of radiation to the 
cervix, parametrium and pelvic glands by 
means of high voltage roentgen rays de- 
livered to the pelvis and adequately dis- 
tributed, heavily filtered radium in the 
uterine canal and vaginal vault. 

Radium applied in the uterine and cervi- 
cal canal, against the cervix and in the 
vaginal vault, is not effective in destroying 
cancer cells more than a few centimeters 
distant from the site of application of the 
radium. It follows that the primary disease 
of the cervix can be controlled or cured, but 
the parametrial disease is not controlled 
and the retroperitoneal lymphatics are not 
sufficiently irradiated. This fault in the old 
treatment prompted Healy to advance the 
new plan of high voltage roentgen therapy 
in order to obtain greater intensity of ra- 
diation in the pelvis. 

There is much misapprehension regard- 
ing the use of high voltage roentgen rays in 
the treatment of cancer of the cervix. From 
our experience, we are convinced that high 
voltage roentgen therapy to the cervix and 
tumor-bearing areas is of paramount im 
portance, and should be the preparation for 
radium application. This premise is based 


on our experience; we have observed that 


high voltage therapy in individualized doses 
does prepare the patient for a more suitable 
radium application. Patients who are badly 
infected, who present evidences of pelvic 
cellulitis and other toxic symptoms, are 
greatly improved, if not completely relieved 
of the infection by high voltage therapy. 
The bulky cervical tumor which was pres- 
ent when treatments were started will al- 
most always have melted away by the time 
the high voltage treatments are terminated, 
making radium application more facile and 
and more effective. While it is true that the 
intensive high voltage plan of treatment 
carries with it a higher mortality and 
probably slightly higher morbidity, I be- 
lieve the method should be continued be- 
cause of the better end-results. In the more 
advanced group of patients, Stage Iv, with 
frozen pelvis, etc., we are definitely of the 
opinion that a moderate amount of roent- 
gen irradiation to the pelvis will make the 
patient more comfortable and produce bet- 
ter results than intensive therapy; further- 
more, we believe that rarely is radium of 
any value in this group. When the hyperin- 
tensive plan of roentgen therapy is used, 
one should not delay the application of 
radium more than a week or ten days after 
the completion of the course of roentgen 
treatments. It has been observed that a 
longer delay frequently permits reactiva- 
tion of residual cancer cells. 

For some years past, world-wide atten- 
tion has been drawn to the method of ra- 
dium treatment developed by Regaud of 
the Radium Institute of Paris. This method 
is based on the purpose of delivering a dose 
of rays to each generation of cells at that 
stage of cell division at which the cell is 
most radiosensitive, and this is accom- 
plished by protracting the delivery of the 
dose over four to five days. We have used 
this method with good results. 

A plan of irradiation of the para-aortic 

mphatics with high voltage roentgen rays, 

‘veloped by me to be carried out with 

rophylactic purpose two months after the 
radiation of the cervix and pelvis, has 
ready been described. 
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COMPLICATIONS DURING RADIATION 
THERAPY 


Since the great majority of patients pre- 
senting themselves for treatment of cancer 
of the cervix are in an advanced stage when 
first seen, certain major complications may 
be expected to develop during the course 
of treatment in a rather large number of 
cases. These patients with advanced lesions 
are all badly infected before the treatments 
are started. Douching cannot and does not 
remove the infection from an advanced can- 
cer of the cervix. Many patients have a 
mild or severe pelvic cellulitis along with 
the cervical infection—a natural result. 
Rest in bed, forced fluids, thorough cleans- 
ing of the intestinal tract, and hot saline 
douches three times a day will do much to 
combat the infection. When the tempera- 
ture is running high and there is evidence of 
grave toxemia, blood transfusions, in small 
quantities, intravenous glucose, and saline 
solutions must be added to the armamen- 
tarium. Sulfanilamide therapy now in use 
has saved many a patient with severe in- 
fection, and has proved to be a most valu- 
able drug in selected cases. I believe that 
the best means of controlling infection in 
cancer of the cervix is roentgen therapy, 
administered in fractionated doses over a 
long time. When irradiated in this fashion, 
one expects to find almost always complete 
dissolution of the large infected cervical tu- 
mor with disappearance of the pelvic in- 
flammation by the time the series of treat- 
ments has been completed. 

Pyometra following radium _ therapy 
should be promptly recognized and gentle 
dilatation of the cervical canal and drain- 
age of the uterus done. A soft rubber drain- 
age tube should be used whenever needed. 
When a cul-de-sac abscess has formed, a 
colpotomy should be done without delay. 

Intensive fractional high voltage roent- 
gen treatments over the pelvis frequently 
give rise to severe skin changes, which if 
properly cared for are usually not trouble- 
some, but this tendency has forced the 
radiation therapist to re-educate the re- 
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ferring physician about skin changes, since 
the older methods produced very little skin 
or intestinal upset. Unless this re-education 
is done, there will certainly be much criti- 
cism of the method. 

Shortly after the introduction of high 
voltage roentgen therapy in the treatment 
of pelvic cancer, we began to see gastro- 
intestinal complications of varying degrees 
of severity. Martin, many years ago, fol- 
lowing his experimental work on dogs, 
brought forcibly to our attention the 
changes occurring in the intestinal tract 
and the danger in high dosage of roentgen 
rays over the pelvis. Fortunately, the pro- 
tracted fractional method of delivering 
doses of roentgen rays to the pelvis has 
done much to reduce this hazard, yet the 
danger does occur in a large percentage of 
cases. Unless the patient is under careful 
observation, almost certainly the condition 
will prove disastrous. Just as soon as a pa- 
tient who is receiving roentgen irradiation 
over the pelvis develops a loose stool, she 
should be promptly placed on tr. opium 30 
drops every four hours and only liquid 
nourishment permitted; if the diarrhea is 
not checked within forty-eight hours, the 
roentgen treatments must be stopped, and 
glucose and saline infusions started. Once 
the diarrhea is checked, the treatments may 
be resumed. At the present time studies are 
being carried on with 400 kv. type of roent- 
gen therapy in the hope that irradiation 
changes produced in the intestinal tract 
with this technique will be less severe. We 
hope to be able to report on this at some 
future date. 

The anatomical relation of the bladder 
and rectum in cancer of the cervix makes it 
impossible to avoid these structures when 
radiation treatment is applied. Severe proc- 
titis will be relieved by saline enemas, 
emptying the large bowel, and then in- 
stilling 2 ounces of 2 per cent anesthesene in 
refined cottonseed oil into the rectum as 
often as indicated. When the acute symp- 
toms have subsided the patient should be 
placed on nightly doses of mineral oil to be 
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continued through convalescence. Bladder 
irritation is best relieved by warm boric 
acid irrigations and tr. belladonna and hy 
oscyamus. 

When there is severe pelvic pain not re- 
lieved by acetylsalicylic acid and codeine, 
subarachnoid alcohol block should be con- 
sidered, especially in the more advanced 
and hopeless cases. The technique of this 
procedure which is advocated by Stern is 
simple and safe. 


SUMMARY 


Seven hundred and twenty-seven cases of 
carcinoma of the cervix, seen within a pe- 
riod of nearly eight years, are analyzed. In 
75 per cent the disease was in an advanced 
stage. 

In treatment a large dependence was 
placed on intensive, protracted, high volt- 
age roentgen therapy. Less than one-half 
of the patients received radium therapy in 
addition. 

My method of high voltage roentgen ir- 
radiation of the para-aortic lymphatics is 
described. 

Thirty-eight, or 20.10 per cent, of the 
group of 189 patients treated in 1932, 1933 
and 1934 were living on April 30, 1940. Of 
the 39 patients first seen in 1932, $, or 
12.56 per cent, were alive on the above 
date; of the 78 patients first seen in 1933, 
13, or 16.67 per cent, and of the 72 patients 
first seen in 1934, 20, or 27.77 per cent, were 
then living. 

Our data do not indicate that education- 
al efforts are succeeding in bringing patients 
earlier under treatment. It is emphasized 
that the signs of early cancer are objective, 
not subjective, and that early diagnosis of 
cancer of the cervix can be made only on 
vaginal examination by a physician trained 
to detect early cancer, aided by histologic 
study, at a time when the patient has no 
symptoms of which to complain. Semi- 
annual examination of all women 
thirty-five years of age is advocated.* 


over 


* For discussion see page 826. 


RESULTS IN TREATMENT OF LYMPH NODE METASTA- 
SIS INCANCER OF THE CERVIX AND THE VULVA* 


By FRED J. TAUSSIG, M.D. 


ST. 


ye in the fight against cancer, the 
forces of the enemy have broken 
through the defense lines of the individual, 
dashed along the lymph channels and se- 
cured a firm foothold within the portals of 
the tributary lymph nodes, the struggle 
against them has become more serious but 
is by no means hopeless. Fortunately in 
many types of cancer there is still a con- 
siderable interval of time between this first 
break-through to the first chain of lymph 
nodes and the further spread of the disease 
to more distant organs. If we limit our at- 
tack to the primary site and fail to use 
every effort to eradicate the disease in these 
advanced posts, failure to effect a cure is the 
inevitable outcome. | freely grant that the 
odds are usually against such an eventual 
victory in cases of lymph node metastasis, 
but the policy of despair and mere pallia- 
tion is not justified by experience. Even 
though their number may not be very 
great, cases with lymph node metastasis can 
be cured for long periods of time, even up 
to fifteen years or more, as shown in the 
reports that I shall give. 

The main question to be decided is: 
What agent can best be employed to bring 
about the destruction of the cancer cells in 
this new location in the lymph nodes? We 
have at present only irradiation and sur- 
gery as our agents and each has its ad- 
vantages and drawbacks. 

[rradiation whether in the form of radium 
or deep roentgen therapy has undergone so 
many changes in technique and apparatus 
that we cannot at the present time make 
iny positive statements regarding its ef- 
tectiveness in these cases. All we can say is 
that, up to this time, relatively little has 

een accomplished along these lines with 
adiation treatment. It would seem as if, 

irough some biochemical change, the can- 
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cer cell has become more resistant to ir- 
radiation when it has passed from the or- 
gan where it. started to the sheltering 
protection of the lymph node. Marked re- 
gression of tumor nodules may be noted, 
but their destruction is difficult, if not im- 
possible. In their chapter on “‘Radio-sensi- 
tivity of Tumors” in Pack and Livingston’s 
new handbook on the treatment of cancer, 
Stewart and Farrow write: “In the tissues 
examined, great differences are found be- 
tween the state of the metastatic deposits 
not only in adjacent nodes but in different 
areas of the same small node. Complete 
sclerosis or necrosis and active-looking can- 
cer are found within a few millimeters or 
even a few micra of one another.” 

One of the advantages of irradiation over 
surgery is that its application has a rela- 
tively small primary mortality even when 
employed in the form of the interstitial ap- 
plication of radium needles. On the other 
hand, we find that in certain areas the 
tissues will not tolerate an effective cancer- 
lethal dosage. Pack and Wuester state: 
“The delicate moist skin of the axilla and 
groin tolerates radiation poorly and limits 
the total dosage that can safely be given.” 

Surgery also has certain points in its fa- 
vor and against it. When we have surgically 
excised a lymph node, we need not fear, as 
in the case of radiation therapy, that a 
small nest of cells which has escaped eradi- 
cation by gamma rays will at some later 
period multiply and overwhelm the patient. 
An irradiated metastatic lymph node is 
always an uncertain quantity. On the other 
hand, we know the complete anatomical 
resection of the entire tributary lymph 
chain is both difficult and attended by a 
certain unavoidable primary mortality. In 
the days before irradiation many radical 
lymph node resections were done, with a 
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Fic. 1. Large cancer metastasis in left hypogastric 
lymph node removed by iliac lymphadenectomy 
on October 14, 1930. This patient is still well and 
free of recurrence nine and a half years later. 


high primary operative mortality. These 
have in many instances been either aban- 
doned or modified. An operative mortality 
over 10 per cent will only in certain limited 
types of cancer be justified. We have, how- 
ever, found ways of decreasing the primary 
death rate in many of our operative pro- 
cedures, so that the risk has been reduced 
to a point that does not contraindicate 
surgical intervention. 

In the more superficially situated lymph 
node chains as the axilla, the groin and the 
neck, the employment of satisfactory cross- 
fire methods of irradiation is limited and 
the chance for skin necrosis when large 
amounts are used, are definitely increased. 
In the pelvic lymph nodes, their sheltered 
location close to the larger bones makes 
radiation treatment more difficult. Regaud 
found that in early cancer of the uterine 
cervix failures of treatment by irradiation 
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methods were usually due to recurrence in 
the pelvic lymph nodes. 

While surgery is thus preferable to irra- 
diation in the treatment of lymph node 
involvement, we should, I believe, differ- 
entiate in accordance with the site of the 
primary tumor. Thus in cancer of the uter- 
ine corpus, in which lymph node metastasis 
is relatively infrequent and the tributary 
lymph channels following the course of the 
ovarian vessels lead to the glands around 
the aortic bifurcation and higher, a surgical 
enucleation would certainly not be justified. 
In the present paper | shall consider only 
two types of carcinoma in both of which 
lymphadenectomy is, I believe, justified; 
that of the uterine cervix and that of the 
vulva. My experience with radical lymph 
node resections in these two groups has 
been rather extensive and the interval of 
time that has elapsed has been sufficient to 
justify tentative conclusions as to the five 
year cures obtained by such a surgical lymph 
node enucleation. 

Cancer of the Cervix. Experimentally, at 
the onset of developing the operation of 
iliac lymphadenectomy, I attempted the 
procedure in 8 cases of Group 111 cancers 
with involvement to the pelvic wall. Three 
of these patients died of infection post- 
operatively. Hence I discarded the opera- 
tion for this group and do not include them 
in my series. I have since then limited the 
procedure to Group 1 cases, those with 
definite parametrial involvement or exten- 
sion to upper vagina or uterine body. 
total of 136 such operations has now been 
done since October, 1930, with a primary 
mortality in but 2 cases, or 1.47 per cent. 
In the early cases the operation was done 
simultaneously with the radium treatment, 
and it was in this first group of 34 cases that 
the two operative deaths occurred. In the 
last 102 iliac lymphadenectomies there has 
not been a single operative death. While 
there is, of course, an element of good 
fortune in such a record, it demonstrates 
beyond any reasonable doubt that this op 
erative procedure carries with it no apprec! 
able risk. 
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Fic. 2. 4, minute microscopic subcapsular cancer metastasis in right hypogastric lymph gland; B, slightly 
larger metastasis in the left hypogastric lymph node of the same case. 


Since the last report a year ago 11 more 
cases have passed the five year limit. The 
total of 30 cases show a five year survival of 
14, or 46.6 per cent, as compared with the 
§2.§ per cent obtained in the 19 cases 
previously reported. During this period the 
radiation treatment, especially the roent- 
gen therapy, was relatively ineffective. It 
averaged between 2,500-3,000 r as com- 
pared with four times that amount em- 
ployed at the present time. The important 
thing to bear in mind is that compared with 
similar cases treated by irradiation alone 
during this period, the five year survival 
rate was twice as great when the tributary 
lymph nodes were removed. Of these 30 
cases operated on over five years ago, 12, 
or 40 per cent, showed evidence of cancer 
metastasis. Three of these 12 survived the 
five years and an additional one lived for 
four years ten months. The 25 per cent 
five year survival with metastatic lymph 
nodes should be compared with 11 survivals 


out of 18, or 61 per cent, in cases without 
metastasis. 

Of the 3 five year survivals with meta- 
static lymph nodes, the most striking case 
was the very first one operated on in Octo- 
ber, 1930. Almost ten years have now 
elapsed: the patient is free of recurrence, 
although at operation the left hypogastric 
lymph node was full of cancer, enlarged to 
the size of a walnut (Fig. 1). 

It is reasonable to assume that in a not 
inconsiderable number of cases, minute 
metastases are overlooked. Evidence sup- 
porting this contention came in a case 
operated on last November in which two 
small, apparently normal hypogastric nodes 
showed a subcapsular metastasis only a few 
micra in thickness (Fig. 2) that would have 
been missed if the sections had been taken 
at a slightly lower level. It is also possible 
that the intensive preoperative roentgen 
irradiation now employed makes it more 
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Sur- Sur- 


vived vived 
Number Per cent 


Cases 


Double-sided Basset with 

vulvectomy 24 58.5 
Superficial or one-sided 

gland removal with vul- 


vectomy 21 6 28.6 
Vulvectomy only 12 I 8.2 
Radiation treatment (most- 

ly advanced cases) 21 I 4.8 
Palliative measures 6 ° 

Total 10! 32 32 


dificult to recognize smaller metastatic 
nests. 

Several large clinics have recently taken 
up the operation of iliac lymphadenectomy, 
and when this additional clinical material 
has been studied for the required period of 
time we shall at last be able to define more 
accurately the benefits of this procedure. 
In the meantime I can say with reasonable 
assurance that I have done these patients 
no appreciable harm by this operation, 
that some good has been accomplished, but 
how much this may be, will depend on the 
wider experiences of many cancer clinics. 

Cancer of the Vulva. \ feel far more certain 
of my ground in discussing the results of 
lymph node resections for cancer of the 
vulva. A fairly large material has come 
under my observation in the past thirty 


Taste Il 
; Sur- Per Cent 
vived § Sur- 
ber , 
Years vived 
Group 1 (lesions I1—3 cm. in 
diameter) 10 10 100 
Group 1 (lesions 4~7 cm. in 
diameter) 20 9 45 
Group ul (lesions over 7 
cm. in diameter) 10 5 50 
Group iv (fixed metastatic 
Total 41 24 
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years at the Barnard Free Skin and Cancer 
Hospital and in private practice. This series 
of 155 cases from IgI1 to 1940 showed that 
in 9§ instances a partial or complete in 
guinal lymph node removal was done in 
combination with the surgical excision of 
the vulvar tumor. In 46 of these 95 cases, 
or 48.5 per cent, cancer metastasis was 
found in the lymph nodes of one or both 
sides. The 27 cases in which only a super- 
ficial or unilateral lymph node removal was 
done are of interest primarily because of 
the fact that in only 6 instances was a five 
year survival obtained. This 28.6 per cent 
survival rate is only slightly better than 
the 15-20 per cent reported by various 
writers with radiation treatment (radium 
to the vulva and deep roentgen treatment 
to the inguinal nodes). That the double- 


Taste III 
Five 
Num- Per Cent 
year 
ber Survivals 


Survivals 


Lymph node metastasis 


present 19 10 §2.6 
Lymph node metastasis 
absent 22 14 63.6 


sided Basset operation with vulvectomy 
gives by far the best results is evident from 
Table 1 analyzing 101 cases in my series 
observed for longer than five years. 

A more detailed analysis of the 41 cases 
of complete Basset operations done over 
five years ago show some interesting facts. 
With only one exception these cases were 
all definitely in the operable groups with- 
out large adherent metastatic glands or ex- 
tension of the disease up the vagina. Many 
of them, however, were large tumors over 
7 cm. in diameter with definite metastatic 
lymph nodes. Table 11 shows the final out- 
come in these cases. 

It is worthy of special note that all of 
the 10 early cases of cancer of the vulva 
survived for five years or longer without 
any evidence of recurrence. One of the 


Group 1 cases could not be traced. The 
remaining 40 cases were all followed up. 

Lymph node metastasis was present in 
ig of the 42 cases, or 45 per cent. It is 
interesting that the presence of such a 
metastasis has in my series been of less con- 
sequence than the increased size of the 
primary lesion. It was found that the 
metastatic cases were only 11 per cent less 
frequently cured, whereas the lesions 4 cm. 
or larger showed 50 per cent fewer five 
year survivals than the early small lesions. 
Table 1 gives the figures. 

When we analyze the ten year survivals 
after the Basset operation, the figures are 
of course smaller. There were 24 such cases 
and 16 of them survived over five years. 
Ten survived the ten year period (41 per 
cent). Two of the 6 who died in this interval 
showed no evidence of a recurrence of the 
primary disease. Again we note that the 
presence of a lymph node metastasis has 
had no marked influence on the survival 
rate, for 4 of the 10 cases that survived the 
ten-year period showed such a metastasis. 
One of these 4 patients with metastasis is 
living and well sixteen years after operation 
and another died of senility at eighty-three 
vears of age after twelve years’ freedom 
from recurrence. 

The following 3 case histories are illus- 
trative of some of the points that have been 
brought out. 


Case 1. Miss G., aged sixty-two, had an arti- 
ficial menopause at the age of thirty-five due 
to removal of both ovaries. In June, 1934, she 
noticed a burning in the left side of the vulva 
associated with a bloody discharge. Two 
months later a kernel was felt in the left groin. 
By September there was discomfort on sitting 
lown. She consulted a physician in November, 
who found a vulvar tumor with metastasis and 
referred her to me. I found an ovoid tumor 7 
m. in diameter located beneath the skin in the 
egion of the left Bartholin gland with an area 
ulceration I cm. in size in the vestibular 

gion. In the left groin a hard movable nodule 
cm. in diameter could be felt together with 
‘veral smaller nodes on that side and in the 
ght inguinofemoral region. Operation on De- 
mber 12, 1934, consisted of a diathermy ex- 
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Fic. 3. Lymph node metastasis in the left obturator 
region in a case of Bartholin gland carcinoma. Al- 
though five lymph nodes in both inguinal regions 
showed metastasis, this case has remained well 
and free of recurrence over five years. 


cision of the tumor and vulvar skin together 
with a double-sided Basset operation. The 
postoperative course was unusually smooth. 
Microscopic examination of the lymph nodes 
showed not only metastasis in three of the 
femoral lymph nodes on the right and the left 
side but also an involvement of the external 
iliac lymph node and the obturator lymph node 
on the left side (Fig. 3). These two nodes lay 
beneath the peritoneum of the abdominal cav- 
ity to either side of the external iliac vessels. 
I have heard from her at regular intervals and 
her physician, Dr. Willits of Grand Rapids, 
Michigan, has examined her and found her 
clinically well. Five and a half years have now 
elapsed since the operation. 


Case ut. Mrs. M., aged sixty-eight, 3 chil- 
dren, first consulted me on January 24, 1928, 
with a history of soreness about the external 
genitals for a year or two. For three months 
there was pruritus and a blood-tinged discharge. 
Examination showed a superficial cancer the 
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size of a silver dollar over the left labial and 
preputial region with an atrophic leukoplakic 
vulvitis over the remaining vulvar skin. All 
operative measures were refused at this time. 
Hence a surface application of 100 mg. of ra- 


dium was made for eighteen hours and four 


radium seeds totalling 1,000 mc-hr. were in- 
serted in the peri-urethral area: total dosage, 
2,800 mg-hr. The tumor melted away leaving 
painful burns. In September of the same year 
hard enlarged nodes were noted in both inguinal 
regions. On October 5 the patient consented to 
the surgical removal of these nodes. The age 
of the patient and a blood pressure of 185/85 
made an extensive operation inadvisable. The 
nodes on both sides showed large metastases. 
The following year, owing to repeated radium 
necrosis over the irradiated area, a surgical ex- 
cision of this portion of the vulva was done. 
There was no further trouble and examination 
on January 27, 1939, showed no evidence of 
recurrence. The latest report in December, 
1939, stated that she was entirely well, over 
eleven, years after removal of the cancerous 
lymph nodes. 


Case 111. Mrs. C. C., aged sixty-five, was re 
ferred to me on January 29, 1924, by Dr. 
Morris of Decatur, Illinois, for a recurrent carci- 
noma of the vulva, which he had previously 
excised and then applied radium. The recurrent 
lesion was only 2 cm. in diameter situated in the 
right labia on a basis of typical leukokraurosis 
of the vulva. A vulvectomy was done January 
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31 and the double-sided Basset operation 
February 16, 1924. One of the femoral lymph 
nodes on the left side showed a cancer metasta- 
sis. The primary tumor was of very low grade 
malignancy. A small vulvar keratosis was re- 
moved December 2, 1925, but no cancer found. 
She has come to see me every six months; the 
last time in April, 1940, and has had no evi- 
dence of recurrence for over sixteen years. 


CONCLUSIONS 


Lymph node metastasis in cases of cervi- 
cal cancer and in cancer of the vulva by no 
means justifies the conclusion that a five 
year or even a ten year cure is impossible. 
This can almost never be accomplished by 
irradiation, but by surgical ablation of the 
immediate tributary chain of lymph nodes 
freedom from recurrence can be attained in 
a considerable number of patients. In cer- 
vical cancer the presence of a lymph node 
metastasis reduces the cure to one-half that 
of the cases without metastasis. In cancer 
of the vulva, however, if the complete Bas- 
set operation is done, the difference be- 
between metastatic and non-metastatic 
cases is only 11 per cent (§2.6 per cent com- 
pared to 63.6 per cent). The operative 
mortality in both groups is so small that it 
is no appreciable factor in the final results 
obtained.* 


* For discussion see page 826. 
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CARCINOMA OF THE CERVIX UTERI IN CHILDHOOD 
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A REVIEW OF THE LITERATURE AND REPORT OF AN ADDITIONAL 
INSTANCE OF THE LESION IN A GIRL AGED THIRTEEN* 
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Section on Therapeutic Radiology, The Mayo Clinic, 
and 
J. A. L. McCULLOUGH, M.D. 

Fellow in Radiology, The Mayo Foundation 
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LTHOUGH carcinoma of the cervix 

uteri among patients between the ages 
of twenty and thirty is not at all uncommon, 
it is rarely found in younger patients. Be- 
cause of the rarity of the disease among pa- 
tients twenty years of age or younger, the 
difficulties usually encountered in making 
the diagnosis, and the emphasis placed on 
the so-called cancer age, the diagnosis of 
this condition among young women is fre- 
quently confused or missed entirely. The 
necessity of making a careful manual and 
visual examination, as well as histopatholo- 
gic examination of any tissue which may 
be at all suspicious, cannot be overempha- 
sized, as the case presented herewith clearly 
demonstrates. 

A review of 3,000 patients suffering from 
malignant disease of the cervix uteri who 
had been referred to The Mayo Clinic for 
examination and treatment revealed only 
one patient twenty years of age or younger. 
The following is a summary of the history 
of this patient. 


REPORT OF A CASE 


The patient was a well-developed, unmarried, 
white girl thirteen years of age. She had suffered 
from the more common diseases of childhood, 
but had had no illness of any particular signifi- 
cance. The history of this patient’s family, 
also, was not significant. She had been per- 
fectly well until about the last week of Febru- 
ary, 1934, at which time she began to complain 
of severe, intermittent pain in the region of the 
coccyx. This pain was present whether or not 
she was sitting or standing, and there was no 


history of injury. Her menstrual periods had 
commenced about six months previous to the 
onset of her illness, and had occurred at inter- 
vals of thirty days, and had lasted for three or 
four days without causing her any discomfort. 
On March 7, 1934, she had had a sudden and 
profuse vaginal hemorrhage of bright red blood 
in which a small piece of tissue was extruded. 
The bleeding had continued for two days, at 
the end of which time the patient had consulted 
her local physician. At his examination, what 
appeared to be a polyp protruding from the 
cervical canal was removed, and the base was 
destroyed thoroughly with electrocautery. The 
specimen was removed in pieces and measured, 
collectively, about 2.5 by 2 by 1 cm. This tissue 
was examined microscopically elsewhere and 
was reported as showing evidence of a malig- 
nant tumor containing large hyperchromatic 
and multinucleated cells suggestive of an em- 
bryonic carcinoma, although some portions of 
it were suggestive of hypernephroma. The pa- 
tient was then referred to The Mayo Clinic for 
further investigation and treatment, with the 
thought that total abdominal hysterectomy 
might be done. 

General examination of this patient at The 
Clinic on March 29, 1934, revealed nothing sig- 
nificant. The patient’s height was 61} inches 
(155 cm.), her weight was 110 pounds (S50 kg.), 
and there had been no loss of weight. The 
systolic blood pressure was 123 and the diastolic 
pressure was 73, expressed in millimeters of 
mercury. The value for hemoglobin was 13.9 
gm. per 100 cc., the erythrocyte count was 
4,560,000 and the leukocyte count was 14,300. 
Reaction of the Wassermann test of the blood 
was negative. The sedimentation rate was 15 
mm. per hour. Examination of the urine dis- 
closed nothing abnormal. The Aschheim-Zon- 


* Read at the Twenty-fifth Annual Meeting, American Radium Society, New York, N. Y., June 10-11, 1940. 
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dek test and also the Mantoux test gave nega- 
tive results. A roentgenogram of the thorax 
revealed nothing abnormal. On March 30, 1934, 
the pelvic region was examined while the pa- 
tient was under the influence of general anes- 
thesia, and thorough curettage of the uterus was 
done. No gross evidence of malignant disease 
was apparent, by either direct observation or 
palpation. The tissue removed by curettage was 
examined histopathologically by Dr. Broders, 
and was reported as being normal endometrial 
tissue. In view of this, the surgeon did not feel 
justified in performing hysterectomy, and the 
patient was returned to her room for further 
study. Dr. Broders then reviewed the sections 
of the tissue which had been removed by the 
referring physician, and reported them as being 
a Grade 4 carcinoma, probably adenocarci- 
noma. It became apparent, then, that there 
must have been a source of the malignant tissue 
which had not been determined during the 
curettage of the uterus, and on April 2, 1934, 
seven specimens for biopsy were removed from 
various portions of the cervix, and were exam- 
ined histopathologically. Two of these speci- 
mens were reported as being Grade 4 adeno- 
carcinoma. 

It was concluded on the basis of these studies 
that the lesion must be extremely limited in 
extent, and the surgeon still did not think that 
hysterectomy was indicated. The patient was 
then referred to the Section on Radium Ther- 
apy for consideration of treatment, where the 
lesion was classified as being in the Stage 1 
modified group.* It was concluded that, since 
the surgeon did not feel justified in removing 
the uterus, and since the lesion was evidently 
limited in extent and was of a high grade, and 
because of the previous surgical intervention 
and cauterization, radium therapy should not 
be so intensive as to destroy the reproductive 
function of the genital organs. Therefore, a 
cautious treatment with radium was outlined 
to take the form of the universal tube of radon 
applied to the cervical canal alone for short 
periods. On April 5 the patient received a treat- 
ment of 42 millicuries for eight hours, or 336 
millicurie-hours. On April 9 she received a 
second treatment of 34 mc. for ten hours, or 
340 me-hr. The radon capsules were placed in 
the anterior region of the cervical canal treating 

* Clinically the original malignant lesion was limited to the 
cervix uteri and since the gross appearance had been greatly al- 


tered by previous surgical procedures, the lesion was accordingly 
classified as Stage 1, modified. 
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a depth of 2.5 cm. in both applications. The 
filtration of the capsules was 0.5 mm. silver and 
1 mm. brass. No further radiation treatment 
was administered, the total dose being 676 
me-hr. No apparent systemic effect resulted 
from the irradiation. 

The patient began to menstruate again two 
months later, in June, 1934. In August, 1935, 
the menstrual periods became somewhat irregu- 
lar, occurring at eighteen to forty day intervals 
and being accompanied by occasional cramps 
just before the flow. In February, 1936, the 
patient had slight intermenstrual bleeding for 
four days which occurred only during urination 
and which did not necessitate her wearing a 
sanitary napkin. Dilatation and curettage were 
performed by her home physician at this time, 
but no gross or microscopic evidence of malig- 
nant disease was found. Following this pro- 
cedure there was a period of amenorrhea three 
months in duration. The patient was last exam- 
ined at The Clinic in August, 1938, at which 
time she was in excellent health. Her menstrual 
periods occurred regularly every twenty-eight 
days and lasted three or four days with normal 
flow and no discomfort. At the time of this 
writing, more than six years from the time of 
the initial treatment, the patient is well, men- 
struation is normal and she is apparently free 
of malignant disease. 


A careful search of the literature since 
1862 revealed the reports of only 25 cases 
of carcinoma of the uterine cervix in which 
the patients were girls twenty years of age 
or younger. Some of these cases appear to 
be of doubtful authenticity, and in many 
of them there is no record that a histologic 
examination was made to corroborate the 
clinical diagnosis. 


RESUME OF REPORTED CASES 

Glatter, in 1870, as cited by Engelhorn, mentioned 
that in Vienna between the years 1862 and 1869 
there were 2 instances of carcinoma of the uterus 
among young women, and both of the patients died 
One was a woman seventeen years old, and the other 
was a woman nineteen years old. No additional de 
tails were given. Engelhorn considered that in the 
aforementioned two reports insufficient evidence was 
present for the lesions to be classified as true carci 
noma of the cervix. Engelhorn also mentioned 
Schauta’s case of malignant adenoma of the cervix 
in which the patient was a girl seventeen years of age 

Beigel, in 1875, as quoted by Baldwin, stated that 
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he had seen one instance of uterine carcinoma in a 
girl nineteen years old, but he did not state whether 
or not the tumor arose in the fundus or in the cervix 
uteri. No additional details were given. 

In Rosenstein’s case, reported in 1883, the lesion 
occurred in a child two years old. The report of this 
case stated that the preparation of the specimen did 
not permit of a definite diagnosis, but that the lesion 
probably was a carcinoma of the cervix. 

Eckhardt, in 1887, reported Frankel’s case in 
which carcinoma of the cervix afflicted a young 
woman nineteen years old. The tumor presented on a 
pedicle from the cervical canal, and was stated to 
have been the size of a child’s head. 

Ganghofner, in 1888, reported a case in which car- 
cinoma of the cervix occurred in a child eight years 
old. The diagnosis in this case has been questioned 
by other authors, but the specimen was reviewed by 
Professor Chiari of Prague, who confirmed the diag- 
nosis. It was probably a genuine instance of carci- 
noma of the cervix. 

Little, in 1896, reported a case in which carcinoma 
of the cervix afflicted a girl fourteen years old. Un- 
fortunately, the clinical diagnosis was not confirmed 
by histologic examination; however, it was probably 
a true instance of carcinoma of the cervix. The lesion 
was found to be inoperable, and the patient died. 

Tschop, in 1897, reported a case in which carci- 
noma of the uterine cervix afflicted a girl nineteen 
years old. The diagnosis was confirmed by histologic 
examination, but the report of this examination was 
not presented. Hysterectomy was performed and the 
patient apparently recovered. 

Boyd, in 1905, reported a case in which a lesion 
that afflicted a girl eighteen years of age was de- 
scribed as being either an adenocarcinoma or an 
endothelioma of the cervix. The Pathologic Com- 
mittee of the London Obstetrical Society, to which 
the specimen was submitted for examination, re- 
ported that portions of the tumor resembled ordinary 
papillary adenocarcinoma, whereas other portions 
suggested that the growth originated in the endo- 
thelium of the blood vessels. Hysterectomy was per- 
formed, and the patient apparently was in good 
health one year later. 

Webster, as cited by Bonner, presented Gusserow’s 
statistics concerning 3,471 cases of carcinoma of the 
cervix, in which 2 of the tumors occurred when the 
patients were less than twenty years old. These are 
the 2 cases mentioned by Glatter and Beigel. Bonner 
also quoted Koblanck, who reported that in a larger 
series numbering 6,364 cases of carcinoma of the 
cervix, he found only the 2 cases mentioned by 
Gusserow in which the patients were less than twenty 
years old. 

Bumm, in 1908, reported a case in which adeno- 
carcinoma occurred in a child eight months old. The 
esion extended along the anterior uterine wall and 
nvolved part of the cervical lip. It is questionable 
whether this was a primary carcinoma of the cervix. 


Carcinoma of the Cervix Uteri 


$21 


The histologic diagnosis was confirmed by Aschheim. 

Glockner, in 1908, reported a case in which carci- 
noma of the cervix afflicted a child seven years old. 
The diagnosis of adenocarcinoma was confirmed by 
Robert Meyer and Carl Ruge. Panhysterectomy was 
performed, and the child lived for four years before 
inguinal metastases developed. In this case the lesion 
affected the youngest patient on record as suffering 
from authenticated carcinoma of the cervix. 

De Rouville, in 1912, reported a case in which 
carcinoma of the cervix occurred in a patient eighteen 
years old. 

Cragin, in 1913, reported a case in which carci- 
noma of the cervix afflicted a patient eighteen years 
old. The diagnosis in this case was confirmed histo- 
logically by Francis Carter Wood. 

Wells’ case, reported in 1913, of adenocarcinoma of 
the uterus in which the tumor was situated at the 
level of the internal os in a woman eighteen years old, 
was mentioned by Peterson in his review of 500 cases 
of uterine carcinoma. This patient underwent radical 
vaginal hysterectomy, and was reported to be in 
good health four years later. 

Adams, in 1916, reported an instance of adeno- 
carcinoma of the cervix in a child two and a half 
years old. The Pathologic Committee of the Royal 
Society of Medicine, however, reporting on the speci- 
men, called the tumor a “teratoma.” 

Neill, writing in 1936, referred to his report of 
carcinoma of the cervix in a woman sixteen years of 
age which appeared in the Western Medical Times 
of December, 1920. 

Darnall, in 1921, reported on an adenocarcinoma 
of the cervix occurring in a Negress twenty years of 
age. The Negress was unmarried, and gave no history 
of pregnancy or miscarriage. Following panhysterec- 
tomy, the patient died of pulmonary embolism. 

Lisa and Cornwall, in 1926, reported a case in 
which squamous cell carcinoma of the cervix afflicted 
a girl sixteen years of age. There were metastases to 
the lungs, liver, heart and spleen. Exploratory 
laparotomy was performed, and death occurred some 
time later. 

Bonner, in 1927, reviewed the literature and added 
a case of his own in which the lesion occurred in a 
thirteen year old Jewess. The patient had begun to 
menstruate at the age of eleven years, and had al- 
ways experienced menstrual irregularity of some ex- 
tent. About a year later a thick, creamy, foul vaginal 
discharge developed, which was followed shortly by 
a profuse vaginal hemorrhage, which was repeated on 
several occasions. The patient then received two 
deep roentgen-ray treatments over the spleen and 
flat bones, which did not influence the course of the 
bleeding. She was then admitted to a hospital where 
she received a transfusion of blood. A vaginal exam- 
ination was apparently not done, and she was dis- 
charged with a diagnosis of “ovarian dyscrasia.”” The 
patient then came under Bonner’s care, and an 
examination revealed a soft, rounded mass the size 


of an orange replacing the cervix and filling the entire 

vaginal vault. The growth appeared as a pale, cauli- 
flower type of tumor, giving the impression of being a 
degenerating polyp, and presenting an ulcer 1 cm. in 
diameter. The vaginal wall at the vault was slightly 
indurated. The uterus was not definitely outlined. 
and no masses were felt abdominally. Removal by 
cautery of the entire infra-vaginal portion of the cer- 
vix was done, and five radon seeds of 0.5 mc. each 
were inserted into the stump. The uterine cavity was 
treated with 25 mc. of radon for forty-five hours. 
The histologic diagnosis of adenocarcinoma was 
made by Dr. Lederer, and was corroborated by Dr. 
E. S. l’Esperance and Dr. James Ewing. The patient 
apparently was in good health nineteen months after 
treatment. 

Baldwin reviewed gos cases of carcinoma of the 
uterus, vagina and vulva, but did not find any in- 
stances of carcinoma of the cervix among women 
less than twenty years old. He referred to MacDon- 
ald’s case, which was reported in 1929. The lesion 
occurred in a child ten years old, and was an adeno- 
carcinoma of the cervix. The patient had been 
treated for some time in the belief that she was 
suffering from gonorrheal vaginitis before the true 
nature of the condition was discovered. 

Morse, in 1930, reviewed the literature on carci- 
noma of the female genital tract in childhood, and 
reported a case in which carcinoma of the cervix oc- 
curred in a child ten years old. The patient came to 


his attention some two years after a diagnosis of 
gonorrheal vaginitis had been made on the basis of 


smears taken from the vagina. Prolonged treatment 
for this condition by means of douches had proved 
ineffectual. Examination revealed tenderness in the 
suprapubic region, but no palpable pelvic mass. 
Vaginal examination by means of a speculum pro- 
voked sharp bleeding, and digital examination re- 
vealed a mass on the cervix. Histopathologic study 
of the tissue removed showed it to be an epithelioma. 
Laparotomy was performed with the intent of re- 
moving at least part of the mass; however, it was 
found impossible to accomplish this and the abdomen 
was closed with the objective of instituting deep 
roentgen therapy at some later date. This was not 
done, and the patient died suddenly about eleven 
months after coming under observation. Necropsy 
was not permitted. 

Ludwig, in 1936, reported a case in which a sixteen 
year old girl had carcinoma of the cervix. The pa- 
tient had had a brownish, sanguineous discharge for 
about six months, with slight pain in the lower por- 
tion of the abdomen and pelvis, and a burning sen- 
sation in the vagina. Palpation revealed tenderness 
just above the pubes, but no mass was demonstrable. 
Several small pieces of tissue were obtained at vagi- 
nal examination and were reported to be adeno- 
carcinoma, Examination with the patient under 
anesthesia revealed a soft, friable mass which filled 


the upper half of the vagina, and which involved the 
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entire circumference of the cervix. The uterus was 
slightly enlarged. Dilatation and curettage wer 
done, but no uterine tissue was obtained. Thre« 
pieces of tissue were obtained from the cervical mass, 
and the remainder of the cervix was amputated by 
cautery. The aforementioned three specimens were 
also diagnosed as being adenocarcinoma. The patient 
received a radium treatment at this time of 3,160 
mg-hr., the details of which were not given, and 
roentgen therapy was started three weeks later. Five 
months later the patient received an additional ra- 
dium treatment of 1,425 mg-hr. No details of this 
treatment were given. The menstrual flow recom- 
menced slightly more than three years after the first 
treatment by irradiation, and the patient was re- 
ported to be in apparent good health slightly more 
than five years from the time treatment was first 
instituted. 

Puccioni, in 1937, discussed carcinoma of the cer- 
vix uteri in young women. He stated that West in 
1864 was the first to report carcinoma of the uterus 
in young women. He referred to a case in which 
carcinoma of the cervix afflicted a woman seventeen 
years old; this case had been reported by Spiegel berg 
in 1872. No details regarding the case were given. 

Smythe, in 1937, mentioned one instance of carci- 
noma of the cervix in a girl nineteen years old in a 
group of 357 cases. He furnished no particulars con- 
cerning the case. 


COMMENT 

The available literature and reports of 
cases reviewed for this study may be con- 
sidered limited and additional important 
data concerning the essential particulars 
were not completely recorded. Our com- 
ments also will be limited. 

The incidence of carcinoma of the cervix 
uteri among children and adolescent per- 
sons is very low. The low incidence of car. 
cinoma of the cervix uteri occurring among 
nulliparous patients also is of interest in 
our study. Hammond stated that “it would 
be safe to say about 3 to 4 per cent of the 
cases of carcinoma uteri occur in nullipar- 
ous women.” In the series of cases of car- 
cinoma of the cervix reported by one of us 
(Bowing), the influence of sterility and 
fertility was studied. ‘““There were, 1,473 
(98.8 per cent) married patients and eight- 
een (1.2 per cent) single patients. One or 
more preganancies occurred in each of 

1,320 patients, an incidence of 88.5 per 
cent. According to the records of 149 pa- 
tients (10 per cent), pregnancy did not 
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BRIEF SUMMARY OF 2§ CASES OF CARCINOMA OF THE CERVIX UTERI RECORDED 
IN THE LITERATURE, AND I CASE ADDED BY THE AUTHORS 


Age of 
No. Patient, Author Authenticity Pathologic 
years Process 
I 17 Glatter Doubtful Unknown 
2 19 Glatter Doubtful Unknown 
3 17 Schauta (Engelhorn) Probable Unknown 
4 19 Beigel Doubtful Unknown 
5 2 Rosenstein Doubtful Carcinosarcoma 
6 19 Frankel (Eckhardt) Probable Unknown 
7 x Ganghofner Probable Unknown 
x 14 Little Probable Unknown 
9 1g Tschop Proved Unknown 
10 18 Boyd Proved Adenocarcinoma 
11 8 mo. Bumm Doubtful Adenocarcinoma 
12 7 Glockner Proved Adenocarcinoma 
13 18 de Rouville Probable Unknown 
14 18 Cragin Proved Unknown 
15 18 Wells Proved Adenocarcinoma 
16 2} Adams Doubtful Adenocarcinoma 
17 16 Neill Probable Unknown 
18 2 Darnall Proved Adenocarcinoma 
ig 16 Lisa and Cornwall Proved Squamous cell 
carcinoma 
20 13 Bonner Proved Adenocarcinoma 
21 10 MacDonald (Baldwin) Proved Adenocarcinoma 
22 10 Morse Proved Squamous cell 
carcinoma 
23 16 Ludwig Proved Adenocarcinoma 
24 17 Spiegelberg (Puccioni) Doubtful Unknown 
25 ig Smythe Probable Unknown 
26 13 Bowing and McCullough Proved Adenocarcinoma 


Total proved cases, 12. Total probably authentic, 19. Adenocarcinoma, 10 (not including Bumm’s case). 


Squamous cell carcinoma, 2. 


occur.” In twenty-two records (1.§ per 
cent), the incidence of gravidity was not 
stated. Hammond quoted Kelly: “In ad- 
vance of the local examination the fact that 
the patient is a nullipara is always strong 
presumptive proof against cancer of the 
cervix uteri.” In the light of these consid- 
erations, the clinical diagnosis of the con- 
lition discussed herein evidently is decidedly 
tedious, especially when it is considered 
that carcinoma is not ordinarily included in 
he differential diagnosis among patients so 
young, as well as nulliparous women. 

The recorded data would not permit of 
in estimate of the stage of involvement 


Carcinosarcoma, 1. Youngest patient in proved case, 7 years. 


found. This is a very important determina- 
tion, in that the diagnosis, treatment and 
prognosis are dependent on this essential 
feature in an instance of carcinoma of the 
cervix uteri. 

A brief summary of the cases reviewed 
herein, concerning the author, age, patho- 
logic process and authenticity, are con- 
tained in Table 1. Twelve cases were con- 
sidered proved and 1g probably were 
authentic. Histopathologically proved in- 
stances are as follows: 10 cases reported as 
adenocarcinoma, 2 cases of squamous cell 
carcinoma and one case of carcinosarcoma. 
The youngest patient who had proved car- 
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Taste Il 
TABULATION OF THE HISTOPATHOLOGIC ASPECTS, TREATMENT AND SURVIVALS IN 6 CASES 
REPORTED IN THE LITERATURE REVIEWED FOR PRESENT STUDY IN WHICH 
PATIENTS SURVIVED ONE YEAR OR MORE 
Histopatho- 
logic Radium Roentgen Survivals 1 yr. 
Cases Observa- Surgical Treatment Treatment and more 
tions 
Bonner Adenocar- Cautery removal | 5 radon seeds 0.5 None In good health tg 
No. 3 cinoma of portio vaginalis | mc. each placed in mo. and more 
stump of cervix 
Ludwig Adenocar- Dilatation, curet- 3160 mg-hr. radi- | Roentgen ther- | Menses began 3 yr. 
No. 16 cinoma | tage, cautery re- | um apy 3 weeks la- later 
moval of cervix ter 
§ mo. later 1,425 None Well 5 yr. and more 
mg-hr. 
Tschop Carcinoma Hysterectomy None None Apparently recov- 
No. 26 ered 
Boyd | Papillary Hysterectomy None None Well 1 yr. later 
No. § adeno- 
carcinoma 
Gléckner | Adenocar- | Panhysterectomy None None Lived 4 yr. Metas- 
No, 12 cinoma tasis developed to 
inguinal nodes 
Wells Adenocar- Radical vaginal None None Well 4 yr. 
No. 27 cinoma hysterectomy 


cinoma of the cervix uteri was seven years 
of age. 

Data concerning the treatment and re- 
sults also were incompletely recorded. There 
were 6 cases in which survival for one year 
and more was stated, and for these 6 cases 
a brief presentation of the histopathologic 
aspects of the tumors, treatment and re- 
sults of treatment appears in Table 1. 

Results of histopathologic diagnosis were 
positive in all 6 cases. Some type of surgical 
intervention was the initial treatment em- 
ployed. Hysterectomy was done in 2 cases; 
panhysterectomy and radical vaginal hys- 
terectomy in one case each. Dilatation and 
curettage with removal by cautery of the 
cervix was done in one case and in one case 
the patient was recorded as having under- 
gone removal by cautery of the portio 
vaginalis. 

In Ludwig’s case, a patient sixteen years 
old survived five years and more. Following 
dilatation, curettage and removal by cau- 
tery of the cervix, 3,160 mg-hr. of radium 


was applied and three weeks later roentgen 
therapy was given. Five months later a 
second application of 1,425 mg-hr. of radi- 
um was given. It is of interest to notice 
that the menses reappeared three years 
later. 

In Wells’ case a patient eighteen years 
old survived four years and probably more. 
The only procedure employed was radical 
vaginal hysterectomy. 

In Gléckner’s case, a patient seven years 
old, the youngest patient recorded, sur- 
vived four years. Panhysterectomy was the 
only procedure employed for her. 

Morton cited Neill’s statement that the 
prognosis in young patients is particularly 
bad, and emphasized the need for careful 
examination by the physician of every pa 
tient. 


SUMMARY AND CONCLUSIONS 


In a recent review of 1,491 cases of car 
cinoma of the cervix, Fricke and one of us 
(H.H.B.) have shown that it is essentiall\ 


a disease of older women, the average age 
of the patients being forty-nine years. This 
incidence does not mean that carcinoma of 
the cervix does not occur at a younger age, 
however, as our single case strikingly dem- 
onstrates. It is further shown in the afore- 
mentioned review that epitheliomas are 
found much more frequently than the glan- 
dular type of carcinoma. Thus, in 1,491 
cases, epitheliomas occurred in 93.5 per 
cent. However, among younger groups of 
patients a predominance of epitheliomas 
does not seem to be the rule, since of the 
12 cases reported in the literature in which 
a histopathologic examination was made, 
the lesion in only 2 proved to be epithelio- 
ma, whereas in 10 the lesion was adenocar- 
cinoma. 

The case we have presented is unusual in 
that the tumor was a Stage 1 modified le- 
sion, whereas in the large majority of cases 
of carcinoma of the cervix the lesions are 
in the inoperable stage when the patients 
are first seen. The response of the patient 
in our case to radiotherapy corresponded 
to that of the patients who had modified 
Stage 1 lesions as reported in the larger 
group of cases, since all the patients in this 
latter group were alive five years or more 
after treatment. 

The need for individualization in the 
management of such patients will be ap- 
parent from the report presented concern- 
ing our patient. In addition, the need for 
the closest cooperation among the radiolo- 
gist, pathologist and surgeon is further em- 
phasized. The physician or surgeon should 
not exclude the possibility of the presence 
of carcinoma because of the age of the pa- 
tient. In all cases a vaginal and rectal 
examination, including palpation and in- 
spection should be made, and multiple 
biopsies may be necessary if there is the 
slightest question about the diagnosis. 
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DISCUSSION OF PAPERS BY MURPHY AND 


HUFFORD; EDWARDS; TAUSSIG, AND 
BOWING AND MCCULLOUGH 


Dr. Maurice Lenz, New York. It has long 
been realized that when cancer of the cervix has 
extended into the parametria or lower lumbar 
lymph nodes, treatment with intracervical and 
intravaginal radium applicators is inadequate. 
External irradiation with roentgen rays has 
therefore usually been added in such cases. At 
times it proved difficult to deliver adequate 
amounts of 200 kv. roentgen rays to some of 
these deeply situated cancerous foci. For in- 
stance, Baclesse of the Radium Institute of 
Paris, found that he could not control the dis- 
ease in any patient weighing more than 147 
pounds in a series of 63 patients with advanced 
cancer of the cervix treated only by 200 kv. 
roentgen therapy. In view of this need for in- 
creased depth dose, it was logical to apply 
higher voltages to this problem as soon as suit- 
able apparatus became available. Benefit could 
be expected chiefly in cases showing extension 
into the parametria. Accordingly, Henry and 
Herbert Schmitz and Sheehan investigated the 
percentage of three and four year clinical arrests 
in a group of cases of carcinoma of the cervix, 
chiefly with parametrial involvement. They 
found the proportion increased from 29 per cent 
to $0 per cent when they raised the voltage 
from 200 kv. to 800 kv. Now Murphy and 
Hufford have shown their interesting results 
with 400 kv. They call special attention to the 
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relatively slighter skin effect and lesser radia- 
tion sickness. Just as with roentgen therapy at 
200 kv., however, the reaction of the radio- 
sensitive colon and rectum, as manifested by 
diarrhea, forms the chief limiting factor of 
dosage which may be applied to the pelvis. By 
fractionating and protracting the treatment 
over a period of six to eight weeks, the danger 
of bowel injury is reduced and larger dosage 
may be administered. With further protraction, 
even larger doses may be given. Thus, over a 
period of three months, we were recently able 
to administer with 200 kv., 80 cm. target-skin 
distance, 2 mm. Cu, 8 r per minute, a total of 
2,500 r to each of two anterior and two posterior 
15X15 cm. pelvic fields, and 1,400 r through 
each of two 10X15 cm. sacrosciatic fields; 500 r 
was added through the perineum a month later. 
The patient had a frozen pelvis and a recto- 
vaginal fistula, secondary to a moderately un- 
differentiated carcinoma of the cervix. Only six 
months have elapsed, but up to the present no 
symptoms suggesting damage to the normal 
tissues from this large dosage have occurred. 
Incidentally, so far the patient does not show 
any persistence of disease and the fistula has 
healed. 

A similar protraction of time is indicated in 
intracervical and intravaginal radium therapy. 
Failure to observe this precaution may at times 
result in bowel injury, as emphasized in the 
report of the Standardization Committee of the 
American Radium Society published in 1937. 

If one reviews the results of Murphy and 
Hufford, one derives the impression that 400 
kv., properly administered, is distinctly worth 
while in the treatment of cancer of the cervix. 


Dr. Wittiam P. Hearty, New York. This 
series of papers to which we have had the 
pleasure of listening this morning on the treat- 
ment of cancer certainly must be regarded as 
indicating probably the best that we can hope 
to obtain with our present methods of radiation 
therapy and surgery, combined or used singly. 
We are all agreed that with those procedures we 
are not able to cure cancer of the cervix in the 
cases that come to us unless the patient is fortu- 
nate enough to come into the hands of the 
radiation therapist while the lesion is still in an 
early stage. And even then we cure only about 
60 per cent of the cases. 

Our results, as far as statistics go, are ident! 
cal, no matter whether you follow a procedur: 
such as we have been doing at Memorial Hos 
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pital of extensive protracted preliminary roent- 
gen irradiation followed by radium, or whether 
you apply radium first, followed by roentgen 
irradiation or whether you use radium alone, 
providing the case is a Stage 1 case. It seems to 
me, therefore, that the problem we have to 
face in cancer of the cervix is one of trying to do 
something more for the other cases. 

| haven’t the slightest doubt from our obser- 
vations at the Memorial Hospital that with the 
increasing voltage of roentgen rays from 200 kv. 
to 300 kv. and from that to 400 kv. and then 
on up to 800 or 1,000 kv., greater benefit will 
be obtained in treating the more advanced 
cases and a larger percentage of cures obtained. 

The reason for it has been brought out by 
Murphy and Hufford in their splendid report. 
One of the important reasons is the fact that 
with the protracted series of treatments and 
with the higher voltage and the higher filtra- 
tion, distinctly less damage is done to the skin 
fields and apparently the gastrointestinal tract 
seems to withstand the treatment better. 

My impression of the whole question of 
cancer in the cervix is that we may have a 
general plan of therapy such as outlined by any 
one of the speakers here this morning in his 
particular clinic, but nevertheless each case 
must be individualized and treated as such. 

One of the things that has impressed me is 
that we are much more apt to overtreat the 
very favorable case and obtain a radiation 
slough in the cervix which will be quite some 
time in healing than we are to undertreat a 
bad case. 

I have had more trouble, therefore, with the 
very favorable early cases from using more 
radiation than the patient’s lesion required than 
| have from using heavy dosage in the advanced 
cases, and I am tremendously in favor of start- 
ing every infected ulcerated cancer of the cervix 
first with roentgen therapy for the reasons 
mentioned by the speakers this morning who 
have done that. 

[ have no argument against following Dr. 
Taussig’s plan if one has a patient available 
who is a fair surgical risk and has a tumor mass 
that you regard as a gland lesion in one or both 
parametria and you think you would like to 
ittempt to remove it; undoubtedly by that 

1ethod of approach you will save some patients 

rt prolong the lives of some that might have 
ed sooner. 


There 
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is only one point I should like to add to the dis- 
cussion of the excellent papers that have been 
presented. The four essayists have given us 
comparison of the clinical characteristics and 
response to treatment noted in different types 
of gynecologic cancer. 

Dr. Bowing has recalled to our attention the 
occurrence of cancer in young individuals. One 
would expect such lesions to be of a more ana- 
plastic group, and, therefore, to present a more 
serious prognosis. It is very gratifying to learn 
of the surprisingly good results that have been 
obtained. 

In Dr. Taussig’s paper we had the oppor- 
tunity to consider differences in vulvar and 
cervical cancer. Unsatisfactory results are to be 
expected among the most advanced vulvar 
cases which he has classified into Group tv. 
Among the more favorable lesions, however, the 
prognosis does not seem to be affected to any 
great degree by the presence or absence of early 
lymphatic metastases. It would seem that there 
must be some differences in the biologic proper- 
ties of vulvar and cervical cancer, because the 
invasion of adjacent lymph nodes by cervical 
lesions does affect prognosis very materially. 
For a number of years Dr. Taussig has per- 
formed iliac lymphadenectomy in the attempt 
to remove metastases beyond the zone of tissue 
treated adequately by radium applied to the 
cervix. He has had more experience with that 
operation than anyone else, and it will be most 
interesting to see the final conclusions based on 
a comparison of his own patients with and 
without removal of the iliac glands. 

Dr. Edwards has emphasized the importance 
of organization in tumor work, and the value of 
individualization in planning the treatment of 
each patient. In most clinics greater effort is 
being made to preserve the integrity of the 
tumor bed by reducing the amount of post- 
irradiation necrosis. Marked destruction of the 
tumor bed interferes with the orderly processes 
of regression. In such instances there is usually 
persistent cancer buried in hard fibrotic tissue. 
At the same time there is definite relationship 
between tumor regression and fibrosis occurring 
under more normal conditions. It is significant, 
for example, that one rarely sees a good clinical 
result without considerable foreshortening of 
the vagina and marked atrophy of the cervix. 
Every effort should be made to eliminate factors 
that may interfere with the orderly changes oc- 
curring in cancer cells and in the tumor bed 
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after irradiation. There is evidence that the 
presence of infection is one of the important 
factors that tend to lower the threshold for 
necrosis. The apparent increase in radioresist- 
ance noted for infected lesions may be due to 
a greater amount of necrosis interfering with the 
orderly changes taking place in the tumor bed, 
rather than a direct effect upon the cancer cells. 

External irradiation has been used to great 
advantage in the attempt to reduce infection 
before radium is applied. It seems likely that 
trans-vaginal, or direct roentgen treatment, will 
be of marked value in increasing the amount of 
radiation delivered to the primary lesion. In 
regard to biologic reactions following different 
methods of treatment there are two questions 
I should like to ask Dr. Murphy. They may not 
be fair ones to ask, because it is almost im- 
possible to compare results obtained from 400 
kv. roentgen rays with those following 200 kv. 
roentgen rays due to variations in dose, in- 
tensity, etc. At the same time I wonder if he 
would hazard a guess as to whether the local 
reactions within the vagina, such as erythema 
and edema, were more or less marked with the 
higher voltage. The second question pertains to 
patients receiving roentgen irradiation before 
the application of radium. In those instances I 
wonder if he was able to detect for the higher 
voltage a more rapid, or a more marked re- 
gression of the primary lesion. 


Dr. Henry J. Utimann, Santa Barbara, 
Calif. Before I ask Dr. Murphy the question 
that I have in mind, I would first like to discuss 
the possibility of the presence in these bowel 
reactions of concurrent difficulties. 

Within the last six to eight months I happen 
to have had two that are particularly interest- 
ing and I have not heard these complications 
mentioned, that I can remember, in any meet- 
ing. 

The first patient developed a diarrhea during 
the first week or two of her irradiation. Instead 
of being easily controlled, it became progres- 
sively worse, even when the irradiation was 
stopped temporarily. She also developed violent 
nausea and vomiting and in about a week re- 
covered and was again given radiation. She 
took it a little longer and then had another 
upset. We were able finally, by prolonging the 
irradiation out of all reason, to give her her 
course. She went through her radium applica- 
tion, came back for another course of roentgen 
treatment and went through the same perform- 
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ance, only more severely, and after the irradia- 
tion was finished she developed a violent gastro- 
intestinal upset with typical gallbladder symp- 
toms. Operation followed with removal of a 
stone. Her gallbladder disease was the basis of 
the whole chain of symptoms. 

Within the last three or four weeks I have had 
another patient who developed diarrhea early 
and it became persistent. She finished her course 
but it continued and became more and more 
violent with cramps. She was found to have an 
amebic dysentery. Apparently the infection was 
lighted up by the irradiation. 

We must not consider all gastrointestinal up- 
sets developing during a course of irradiation 
necessarily due to the irradiation alone. 

Dr. Murphy spoke of a depth dose of 45 to 
48 per cent. I would like to ask if he means that 
45 to 48 per cent to be of the dose measured in 
air or of the total dose; that is, the depth dose 
proportional to the total skin dose. Most depth 
dose tables show the depth dose in percentage 
of the amount delivered on the surface of the 
phantom or skin, and a 45 per cent dose relative 
to skin is about a 60 per cent depth dose relative 
to that measured in air and that is a large 
difference. 

In order not to discredit the increased depth 
dose with 400 kv., it must be clearly understood 
what is meant by the percentage depth dose. 
We get from 45 to 49 per cent and in some in- 
stances nearly 50 per cent depth dose in the 
cervix in a 20 cm. pelvis at 71 cm. through a 
Thoraeus filter at 220 kv. as actually measured 
simultaneously with two condenser chambers, 
one on the abdomen and one in the vagina, 
corrected for the difference in temperatures. 
This percentage, it must be remembered, is the 
percentage of the total or skin dose. 

Regarding vaginal applicators; there are not 
per cent of my patients in whom I could use a 
colpostat and I much prefer to use individual 
applicators as they do at the Radiumhemmet, 
and place them entirely according to the type 
of cervix and/or lesion, or as might be said 
according to the art. 

I would like to ask Dr. Healy if his 4,000 
hours means cervical application alone, or both 
cervical and vaginal. 


Dr. Davin Y. Kern, Louisville, Ky. I would 
like to speak primarily of Dr. Murphy’s paper. 
He has been using 400 kv. therapy for approx'- 
mately four years. I would like to verify his 
statement that the skin reaction is not an index 
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to the treatment at all because you do not 
have any skin damage. 

Our filtration is a little greater than his, as 
well as our filtration of our radium therapy. 
The difference or change in technique is that we 
are using a 20 cm. square field and I think it is 
some advantage in view of what Dr. Taussig 
has said in regard to lymph node involvement, 
because by rotating the cone so that the one 
corner is at the pubes, you can reach the para- 
metria, the lateral wall of the pelvis and also in 
smaller women you can reach the aortic nodes 
as well, using anterior and posterior fields. 

The other point I wish to speak of is one on 
which Dr. Arneson touched—the reaction in the 
vagina. I am quite sure that you can tell a very 
definite difference if you look at your patient 
two, three and even four weeks later. You see a 
radio-endothelitis in the vagina; that the vagi- 
nal mucous membrane is decidedly increased in 
redness. There is a decided difference in that 
and what we used to see when we were using 
200 kv. in these cases. 

I also want to say something about radiation 
sickness. I forget the name of the man in 
Montreal who gave a report some three or four 
months ago in the YFournal of the American 
Medical Association on the use of nicotinic acid. 
There is no question that nicotinic acid is a 
decided advantage in 50 to 75 per cent of the 
cases, given in doses of three-fourths of a grain 
about thirty minutes before meals and allow 
the patient to sip the water that it is dissolved 
in very slowly—take five to ten minutes to take 
the nicotinic acid. I am quite sure that there 
has been a decided decrease of radiation sick- 
ness from the use of this nicotinic acid. 


Dr. Hersert E. Scumirz, Chicago. I thought 
it would be of interest to report a similar group 
of cases that have been treated with 800 kv. 
roentgen rays and radium and who have sur- 
vived five years. 


In Group 1 we had 2 cases; 2 have survived. 

In Group 11, 1 case; 1 has survived. 

In Group 111, 9 cases with 9 survivals. 

In Group Iv, 13 cases, 2 survivals. 

In these 25 cases, 41.6 per cent have survived five 
years. 


This is a very small group, of a total of 160 
ases, of carcinoma of the cervix admitted in 
(932 to our clinic. Certain cases were treated 
with external irradiation alone at 800 kv., 
‘thers with intravaginal roentgen rays and this 
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group with 800 kv. roentgen rays and radium. 


Dr. Murpuy (closing). There are one or two 
points that I think could be clarified: One, the 
discussion of radium applicators to the vagina. 
A few years ago I got an idea that these appli- 
cators should be made to fit individual cases by 
making something new in the line of appli- 
cators, being used in several places now. 

You can buy a gum rubber ball and cut a 
vaginal applicator and put the radium in any 
position in the wall of the vagina that you want 
and it can be so constructed that you can pull 
your radium through at a little distance or any 
way you want to and when you get through you 
can throw it away. The cost is about ten cents 
for four. Dr. Arneson has been using this idea 
for some time and he thinks it is all right and 
so do I. 

As we have gotten away from the skin, the 
bowel has been our controlling factor. I am not 
in position in my office, with my set-up, to use 
this, but my idea is this: That if the patient 
were put in the Trendelenburg position, say 
fifteen or twenty minutes or even longer before 
the treatment, and allowed to lie in that posi- 
tion and then moved in on the same table with- 
out standing up, and given the treatment in the 
Trendelenburg position, so far as these bowel 
changes go I think they could be stopped. 

As to the bowel reaction, as Dr. Ullmann 
talked about these cases, it seemed to me that a 
year or so ago in the literature from England 
there were a couple of cases reported of com- 
plete ulceration of the small bowel subsequent 
to small doses of roentgen rays, a certain type 
of specific reaction which occurred in 2 or 3 
cases. There are certain cases that are very 
sensitive to radiation. 

Now, about the skin reaction. I think while 
we don’t worry about it, some people do and the 
treatment of it is to leave it alone. The first day 
the patient comes into the office she is told not 
even to put water on the skin and she doesn’t 
put anything on until we are all through with 
the reaction. We suggest to patients that they 
get a box of Johnson & Johnson’s baby powder 
and put that on occasionally and they get along 
without much trouble. 

We use paregoric for the bowel reaction and 
when we give it we never use less than I ounce 
and usually give it in 2 ounce doses. 

The vaginal reaction that Dr. Arneson men- 
tions I think is much sharper in my experience 
than it ever was with 200 kv. I can’t say so 
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much about that because I am also using larger 
doses of radiation externally. 

As to the matter of the 20X20 cm. field that 
Dr. Keith mentioned, | tried that on the sug- 
gestion of Dr. Quimby and I found that before 
we got very far, 1,000 or 1,200 r front and back, 
the bowel reaction was so sharp that I felt we 
couldn’t accomplish as much as we could with 
the smaller field. I don’t believe that the 15 X15 
cm. field is the ideal, perhaps a 12.5 17.5 cm. 
may be better. 

In regard to these radiation adhesions, and 
shortening, they are quite marked, as Dr. 
Arneson said, in all these cases that appear to 
stay well; we have found a great deal of diffi- 
culty in making good cervical examinations in 
these cases and have discarded the bi-valve 
speculum. We use a circular, round speculum— 
just a tube. It is easy with a tube specimen to 
bring the cervix into view and to break up the 
adhesions and examine your patient afterwards. 


Dr. Epwaros (closing). I would like to add 
that in many cases of irradiation enteritis, we 
have noticed a very definite allergic tendency 
in patients. Whether it is worth anything or not 
I don’t know, but one of them especially, who 
was allergic to almost anything, suffered with 
diarrhea for nearly a year. 

Another thing is that we found a great many 
patients who came into the hospital without a 
history of diarrhea and shortly after starting 
high voltage roentgen therapy, diarrhea set in 
and an examination of the stool revealed 
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amebae. This has happened very frequently, so 
that we have wondered whether or not irradia- 
tion might not light up the amebiasis. In many 
cases the diarrhea was promptly controlled by 
emetin or some similar drug. These two types 
of patients—the patient with amebic dysentery 
and the one with allergic background—are the 
ones who will most likely suffer from radiation 
enteritis. 


Dr. Taussic (closing). Just a word as to the 
lymph nodes that are involved in cervical and 
vulvar cancer. I think there is a definite step 
between the involvement of what we call the 
first stage lymph nodes and the second stage 
lymph nodes. In vulvar carcinoma, even in 
fairly advanced cases, it is rare to find involve- 
ment up along the aorta or more distant por- 
tions. They are almost always limited to the 
inguinal canal region, to either side of the ex- 
ternal iliac vessels and to the femoral inguinal 
chain. 

In cervical cancer also the involvement is not 
ordinarily up along the common iliac vessels. 

The very careful autopsy studies made many 
years ago in the Schauta and Wertheim clinics 
showed definitely that cancer was limited to the 
pelvis for a very large portion of its progress in 
the patient—that even at autopsy only one- 
third of the cases showed involvement outside 
of the pelvis, so that we need not go up to the 
region of the common iliac and aorta in order to 
accomplish something definite in the relief of 
these lymph node metastases. 
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ROENTGEN IRRADIATION OF CELLULITIS 
ESPECIALLY OF THE FACE AND NECK 


By WILLIAM DeEHOLLANDER, M.D. 


St. Fohns Hospital 
SPRINGFIELD, ILLINOIS 


OENTGEN irradiation of inflamma- 

tory lesions was reported as early as 
1906 when Coyle! reported 3 cases of car- 
buncles which were treated by roentgen 
rays. Further progress in the treatment of 
this type of inflammatory lesion was re- 
ported by Dunham’ in 1916, Ross " in 1917, 
Richards" in 1922, and Hodges’ in 19265. 
Hodges included in his series a case of cellu- 
litis which responded well to irradiation. 
However, it remained for Heidenhain and 
Fried® to emphasize the usefulness of the 
roentgen rays in the treatment of acute and 
chronic inflammation. They reported 855 
cases. Of these 76 per cent recovered with- 
out surgical intervention. Holzknecht"™ in 
1926 reported that in one-third of his cases 
the inflammatory process was shortened, in 
another third of the cases the process was 
cured in from twenty-four to forty-eight 
hours, and in the remaining third there was 
definite improvement. 

In the series of cases here presented we 
are especially concerned with an acute cel- 
lulitis of the tissues which surround the al- 
veolar process. This state frequently follows 
the extraction of teeth with apical abscesses 
or in the presence of pyorrhea. The cellulitis 
then spreads into the adjacent structures of 
the floor of the mouth, the cheek, and into 
the fascial planes of the neck. When the cel- 
lulitis spreads into the floor of the mouth 
and down into the neck the condition be- 
comes grave. With the development of the 
cellulitis there is a generalized body reac- 
tion of leukocytosis, toxemia, fever, ma- 
laise, and a state of anxiety on the part of 
the patient because of the local necrosis, 
swelling, and pain, and practically always 
the inability to swallow, as well as to masti- 
cate food, because of the trismus of the 
muscles. Edema of the glottis is an occa- 
sional complication. 


The convalescence is always prolonged, 
especially if the case is moderately severe. 
The medical treatment instituted often 
does not bring about quick resolution, or 
fluctuation. Surgical incision in cellulitis 
gives no relief because there is no pus pres- 
ent. Until there is fluctuation surgery is not 
indicated. Frequently in the past medical 
and surgical treatment has failed to localize 
the cellulitis. However, by means of roent- 
gen irradiation early resolution or liquefac- 
tion may be expected. When the area of 
cellulitis, following the irradiation, be- 
comes fluctuant, it is then time to open the 
pus pocket and drain adequately. Large de- 
forming incisions are not necessary, as long 
as reasonably good drainage is obtained. 
~ The manner in which roentgen irradia- 
tion arrests the spreading cellulitis as es- 
plained by Desjardins,* May," Heidenhain 
and Fried,’ and others, based on the experi- 
mental evidence of Warthin,!’ is that the in- 
vading leukocytes are readily caused to dis- 
integrate by the irradiation. The sensitivity 
of these cells has been definitely established 
by the experiments. It is contended that the 
lymphatic cell disintegrates in twenty-four 
hours. 

The disintegration of the infiltrating leu- 
kocytes and lymphocytes is thought by 
Desjardins’ to release into the infected in- 
flamed area a protective substance or en- 
zyme elaborated in the cell which is able to 
destroy the toxins produced by the bacteria. 
The liberation of this substance makes it 
readily available for defensive purposes. It 
has been shown that the blood becomes 
bactericidal following irradiation. This is 
probably due to the absorption of the pro- 
tective substances from the area of infec- 
tion as well as from those cells which were 
disintegrated in the blood stream. It has 
also been shown that the pus is bactericidal 
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probably due to the liberated protective 
substances from the disintegrated leuko- 
cytes. 

We have a series of 18 cases of cellulitis. 
All of them involve either the face, the 
mouth or the neck, or both. Twelve cases 
followed tooth extraction and intraoral sur- 
gery. In 8 of the 12 cases the roentgen treat- 
ment was begun by the third day of the 
onset of the cellulitis. The remaining 4 had 
first been treated by hot compresses, etc., 
and these patients had cellulitis for from 
seven to fourteen days before roentgen ir- 
radiation was administered. The response 
in both groups was satisfactory and result- 
ed in a cure, except in one case. It is true 
that the earlier the treatment is begun the 
less chance there is for complications to de- 
velop. However, the fact that the disease 
has been present for several days should not 
cause a delay in giving the treatments as 
soon as possible. Keijser’ reports a case of 
cellulitis which had been present for three 
weeks and in which wide incision had been 
resorted to, but there was no fluctuation or 
liquefaction until after a series of roentgen 
treatments. 


REPORT OF CASES 


Case 1 (93079). V. K., admitted on March 30, 
1934, with the complaint of pain and swelling of 
the lower left jaw following the extraction of a 
tooth three days before. The swelling began the 
day following the tooth extraction. Examina- 
tion of the jaw and mouth showed that the 
mouth could not be opened freely. There was a 
large area of induration and swelling at the site 
of the lower left third molar socket. Very little 
pus was exuding from the socket. Temperature, 
102° F.; white blood count, 15,600; urine nega- 
tive. Diagnosis: Cellulitis of the left lower jaw 
and face. 

Referred to the Department of Roentgen 
Therapy on March 30, 1934, for roentgen ther- 
apy. The patient was treated on this and the 
following day. On March 31, 1934, a decrease 
in the swelling of the floor of the mouth made 
the patient more comfortable and enabled her 
to take nourishment by mouth. Toxicity was 
markedly decreased by the third post-irradia- 
tion day. By the fifth post-irradiation day the 
swelling had disappeared and patient was dis- 
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charged as cured on April 5, 1934 (see Fig. 1). 

Treatment was as follows: 2 doses, twenty- 
four hours apart; seven minutes, 135 kv. (peak . 
16 in. focus skin distance, at § ma., and 3 mm. 
aluminum filter. 


Case 11 (90647). M. B., aged twenty-seven, 
admitted to the hospital on October 19, 1931, 
on the surgical service, complaining of a swell- 
ing of the face following the extraction of three 
teeth, three days ago. Examination showed a 
white adult male confined to bed with fever and 
a swelling over the lower left mandible. This 
was red in color, painful to touch and on masti- 
cation. The mouth could be opened slightly 
with difficulty. There was an extensive swelling 
around the extraction site (lower left molars). 
This swelling extended backward into the soft 
palate, and downward into the floor of the 
mouth, and was beginning to extend into the 
triangle of the neck. Temperature, 102° F. The 
white cell count was 24,950. The urine was es- 
sentially negative. Diagnosis: Acute cellulitis of 
the face and floor of the mouth. The patient 
was referred to the Department of Roentgen 
Therapy on October 20, 1931, for treatment. 
A second treatment was given a day later. On 
October 21 the patient showed considerable im- 
provement after the first treatment. The swell- 
ing seemed to be softer and less extensive. The 
pain was less although not as much as expected. 
On October 22 the patient expressed relief of 
pain. The swelling was subsiding. On October 
24 the patient was dismissed well on the way 
to recovery. 


Case 111 (94534). Mrs. J. H., aged twenty- 
seven, admitted to the surgical service with the 
complaint of a swelling of the left side of the 
face and mandible which had been present for 
two weeks, but had responded to medical treat- 
ment. This swelling recurred after a tooth ex- 
traction a few days before. The swelling this 
time did not respond to treatment. In addition, 
she developed a fever. Examination showed a 
young adult female confined to bed with an 
acute illness, having fever, pain, and an ex 
tensive swelling of the left side of the face, ex 
tending from left superciliary ridge to a point 
in the neck just slightly below the mandible 
This swelling was very painful and firm, as wel! 
as hot to the touch and red in color. The mouth 
could not be examined well because of the diffi 
culty in opening. The temperature was 102° 
The white cell count was 21,850, and the rec 
cell count 5,550,000. Urine was essentially nor 
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Fic. 1. Case 1. Temperature record. 


mal. A smear from what purulent material 
could be obtained showed gram-positive cocci, 
many streptococci, and gram-positive bacilli. 
Diagnosis: Cellulitis of the face. On June 8, 
1934, the patient was referred to the Roentgen 
(herapy Department for treatment of the 
ellulitis. The treatment was given the day the 
patient was first seen and 231 r was adminis- 
tered to the area. A second dose of the same 
imount was given forty-eight hours later. The 
ther treatment factors: 135 kv. (peak); 3 mm. 
luminum filter; 14 in. focus skin distance; 
ma. 
The first day after irradiation the tempera- 


ture fluctuated between 100 and 102° F. In the 
evening of the first post-irradiation day the pa- 
tient was able to open her mouth more freely 
and with considerably less pain. On the second 
post-irradiation day a second dose was de- 
livered to the area. In the evening of this day 
stab incisions were made intraorally as the area 
had become fluctuant, and pus could be ex- 
pressed from the incision. Five days after the 
roentgen treatment had been started the tem- 
perature had fallen to 99.8° F. Pus was still 
draining. The patient was dismissed on June 15 
and further convalescence was normal. 


Case Iv (101913). Mrs. B. R., aged forty-five, 
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admitted to the service with a complaint of a 
large tender swelling along the left mandible 
and extending into the soft tissues of the neck, 
and floor of the mouth. Three days before a 
tooth had been extracted. Examination showed 
considerable trismus of the mass of the masseter 
muscle. The tongue was elevated above the 
teeth margin and the floor of the mouth was 
firm and swollen as well as painful. Externally 
the swelling extended over the left mandible 
and upward to the hairline and downward into 
the tissues of the neck, and posteriorly over the 
mastoid region. Anteriorly the swelling ex- 
tended slightly over the midline. Blood findings 
showed a white cell count of 13,650 and a red 
cell count of 4,470,000; hemoglobin, 85 per 
cent. Highest temperature before treatment on 
day of admission was 102.4° F. Urinalysis: spe- 
cific gravity 1.030, a trace of sugar, and one 
plus albumin. Diagnosis: Early Ludwig’s an- 
gina. The patient was referred to the Roentgen 
Department on July 9, 1935, for treatment of 
the cellulitis. A dose of 289 r was delivered to 
the area and a second dose of 193 r was de- 
livered to the same area forty-eight hours later. 
The irradiation was followed with local applica- 
tions of alcohol dressings to satisfy the family. 
In twenty-four hours after the first roentgen 
treatment there was a marked relief of pain. 
Also pus began to exude from the alveolar 
cavity. The temperature fell more gradually 
and had become normal by the seventh day. 
Further recovery was uneventful. 


Case v (103489). H. S., male, aged twenty- 
nine, was admitted to the surgical service with 
the complaint of swelling of the right jaw which 
had developed following an extraction of an 
impacted third molar. Extraction was under 
local anesthesia. 

On examination there was a hard painful 
swelling over the mandible, which caused the 
patient considerable pain on opening his mouth. 
Temperature, 100° F. The patient felt malaise 
and was confined to bed. The blood examination 
showed a white cell count of 12,100 and a red 
cell count of 4,970,000. Urine examination was 
essentially negative. Diagnosis: Cellulitis fol- 
lowing tooth extraction. The patient was re- 
ferred to the Roentgen Department for therapy. 
On this day a dose of 289 r low voltage tech- 
nique (135 kv.) was delivered to the area of 
cellulitis. A second dose of 193 r was delivered 
to the area forty-eight hours later. At first there 
was considerable increase in the pain. This was 
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present especially during the first eight to ten 
hours after irradiation. Morphine was used to 
control the pain. The following morning, i.c., 
twenty-four hours after the treatment, the pa- 
tient expressed considerable relief of the pain. 
This was associated with the beginning flow of 
free pus. The swelling also began to decrease. 
On the fourth post-irradiation day there was 
little or no discharge from the tooth socket. The 
swelling at this time had practically disap- 
peared. Temperature was normal by the fourth 
day. 


Case vi (103549). Mrs. R. K., aged forty- 
four, was admitted to the surgical service on 
September 20, 1935, with a complaint of an ex- 
tensive swelling below her chin and involving 
the mouth. This was very painful. The swelling 
began two days after the removal of a stone 
from the sublingual gland. Examination showed 
a female acutely ill in bed with an extensive 
swelling in the floor of the mouth elevating the 
tongue and extending backward into the neck. 
This swelling was palpable externally and was 
firm as well as hot to the touch. There was con- 
siderable redness of the area. Swallowing was 
dificult. Breathing was regular but somewhat 
difficult. Sitting upright seemed to ease the 
patient. Temperature, 101.4° F. The blood 
findings were: white cell count 18,600 (see Fig. 
2). Diagnosis: Ludwig’s angina. 

This patient was referred to the Roentgen 
Therapy Department on September 20, 1935, 
for irradiation. A dose of 289 r was given over 
the involved area with the factors of 135 kv. 
(peak); § ma., 16 inch focal skin distance, and a 
filter of 3 mm. aluminum. A second dose of 
193 r was given forty-eight hours after the first 
treatment. There was little or no relief the first 
eighteen hours. Preparations for tracheotomy 
and intubation were made because of the in- 
creased difficulty of breathing. However, after 
twenty-four hours pus began to exude from the 
floor of the mouth and there was some relief of 
pain. This was twenty-four hours after irradia- 
tion. By the time the second dose of radiaticn 
was to be given the patient had improved con- 
siderably. The swelling was less but still ex- 
tensive. The temperature began to fall after the 
second treatment. The fifth post-irradiation 
day the patient was dismissed with a tempera- 
ture almost at normal (see Fig. 2) and the swell 
ing had practically disappeared. 


Case vit. Mrs. E. C., aged twenty-three, ad 
mitted to the Roentgen Therapy Departmen: 
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as an outpatient with the complaint of a red 
painful swelling which followed the extraction 
of a devitalized abscessed tooth. Onset of swell- 
ing was a day after the extraction. Referred for 
roentgen therapy by Dr. P. G. Papsdorf. Exam- 
ination on May 24, 1935, day of admission, 


Roentgen Irradiation of Cellulitis 


835 
at 14 inch distance, with 3 mm. aluminum filter 
and 135 kv. (peak) at 5 ma., over an area that 
was approximately 15 cm. square. The patient 
was then dismissed to return home and an ap- 
pointment was made to return for further treat- 
ment within forty-eight hours. 
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Fic. 2. Case vi. Temperature record. 


showed an extensive swelling of the right side of 
the face, extending into the neck in the region 
if the angle of the jaw. The floor of the mouth 
ippeared to be involved. The patient seemed 
cutely ill and to have a fever. Swallowing was 
ificult and painful. The patient was treated 
y superficial roentgen therapy technique, 289 r 


At home the patient became worse. The fever 
rose and the patient had severe chills. The re- 
ferring physician was notified and he advised 
hospitalization—the patient however decided 
to call another physician. He advised hospital- 
ization and advised the patient to be admitted 
to a neighboring hospital (Englewood). On ad- 
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mission to the hospital the swelling had ex- 
tended into the neck. The patient was definitely 
more toxic and now had a temperature of 102° 
F., with a pulse of 124. The urine showed a 
trace of albumin and acetone. There were 8 to 
10 white blood cells per high power field, and 
an occasional red blood cell. The blood findings 
were as follows: white blood count, 16,400; red 
blood count, 4,700,000; hemoglobin, 85 per 
cent. Differential: neutrophils, 80 per cent; 
lymphocytes, 17 per cent; monocytes, 3 per 
cent. Diagnosis: Cellulitis of neck and floor of 
mouth; Ludwig’s angina. 

The patient was referred to the Roentgen 
Department of a neighboring hospital and re- 
ceived a second dose of radiation on May 27, 
1934. The patient did not respond to the treat- 
ment and became gradually worse, and died on 
May 28. Necropsy performed by Dr. P. A. 
Delaney. 

Anatomical diagnosis: Ludwig’s angina, dif- 
fuse suppurative cellulitis with abscess forma- 
tion and gangrene involving the soft tissues of 
the neck bilaterally in and about the submaxil- 
lary triangles. Recent extraction of the first 
molar with denudation of bone. General lymph- 
adenitis, acute lobar bilateral pneumonia. Blood 
culture showed Staphylococcus aureus. 


Case vitt (99276). E. R., male, was admitted 
to the hospital with the complaint of a swelling 
in the left side of the face and neck. This swell- 
ing had become severe after the extraction of an 
abscessed root under gas anesthesia. The roots 
had been present for about ten years when two 
weeks ago his face began to swell. Roentgen 
examination at this time showed the abscessed 
roots of a molar tooth. The day following his 
face began to swell, and extended into the neck. 

Examination showed an adult male, acutely 
ill, with fever and an extensive swelling of the 
right side of the face extending from the tem- 
poral region down into the submaxillary tri- 
angle of the neck. The left eyelids were swollen 
shut. The mouth could be opened with diffi- 
culty. There was only a small amount of puru- 
lent discharge from the mouth. Temperature, 
104° F. Blood examination: white blood count, 
23,500; red blood count, 5,100,000; hemoglobin, 
&§ per cent. Urinalysis: acid reaction, specific 
gravity, 1.038, a three plus albumin reaction, 
Benedict’s solution reduced in one-half minute. 
Microscopic examination showed only a few 
white blood cells and 2 to 10 red blood cells per 
é field. Diagnosis: Cellulitis of face and neck. 
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On the day of admission the patient was re- 
ferred to the Roentgen Therapy Department 
and given 289 r within forty-eight hours. There 
was increase in pain and difficulty in swallowing 
after the treatment. This was relieved the fol- 
lowing morning. Morphine sulphate was used 
to control the pain. The day of the second treat- 
ment, i.e., forty-eight hours after the first dose, 
the patient appeared greatly relieved from pain 
and the swelling seemed to be at a standstill 
and slightly decreased. The patient was less 
toxic. The third day after the first roentgen 
treatment an extraoral incision was made and 
drains inserted. Three incisions were made and 
free drainage obtained. White blood count, 
21,050. Large amounts of pus were evacuated 
so that by the twelfth post-irradiation day the 
white blood count had dropped to 16,250. The 
temperature had now dropped to normal and 
occasionally to below normal. Patient dismissed 
for home. Further convalescence normal. 


Case 1x (98749). F. L., white male, single, 
aged twenty-four, was admitted to the surgical 
service with the complaint of a painful swelling 
of the left side of the face for the past ten days 
following the extraction of a tooth, lower third 
molar. Fifteen days ago the third molar on the 
left side was extracted. For five days the area 
was tender, painful and swollen. Hot applica- 
tions were used and on the thirteenth day a 
small amount of pus exuded from the socket. 
Examination showed an adult male, acutely ill 
in bed with a swelling of the left side of the 
mandible, extending into the maxillary tri- 
angles of the neck. There was a small amount 
of purulent exudate coming from the tooth 
socket of third lower left molar. Temperature 
102.8° F. Blood examination showed a white 
count of 14,500. Urine examination essentially 
negative. Diagnosis: Cellulitis of the left side of 
the face and neck extending from the infected 
socket. Patient referred to the Roentgen De- 
partment January 18, 1934. Temperature began 
to fall twenty-four hours after treatment and 
became normal on the third day. 


Case x. A. L., white female, single, aged 
twenty-four, was admitted to the hospital with 
a complaint of swelling on the right side of the 
face and neck for the past ten days. A slight 
purulent discharge was present coming from th 
lower second molar tooth socket. On Februar) 
5, 1935, the second lower right molar was e> 
tracted. Three days later a swelling develope 
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at the site of extraction. This was lanced but 
no pus could be obtained. The swelling grew 
progressively worse with medical treatment. 
Examination of the mouth showed the mucous 
membrane on the right side to be swollen and 
reddened along the tooth socket of the extracted 
tooth. A small incision was present along the 
buccal fold. Externally the swelling extended 
from the hairline on the right side of the face to 
and into the submaxillary triangle on the right 
side of the neck, and below the mandible. The 
white blood count was 15,900 and the red cell 
count 4,350,000. Urine examination showed a 
two plus albumin reaction, acid, and specific 
gravity 1.028. Diagnosis: Cellulitis of the face 
and neck. Patient was referred to the Roentgen 
Department for treatment. Two treatments 
were given. Within forty-eight hours there was 
a free flow of pus; within twenty-four hours 
there was relief of pain so that no narcotics were 
necessary. Temperature fell within twenty-four 
hours and at forty-eight hours was almost 
normal. There was no further rise and patient 
was dismissed on the fifth day. (From the 
service of Drs. Share and Gilmore.) 


Case x1. Mrs. M. S., aged twenty-one, ad- 
mitted to the hospital on June 5, 1935, witha 
large swelling of the left side of the face and 
neck. This had been developing since May 31 
and had now spread into the neck. Previous to 
the swelling a tooth had been extracted. Exam- 
ination of the mouth was difficult. It did show 
an extensive induration and swelling of the 
floor, causing the tongue to be elevated. No 
purulent discharge was present. Temperature, 
101° F, The white blood count was 13,450 and 
the red blood count 5,120,000; hemoglobin, go 
per cent. Examination of the urine showed it to 
be acid, with one plus albumin reaction, but no 
reduction of Benedict’s solution. Microscopic 
examination of the urine showed a few leuko- 
cytes and erythrocytes per high power field. 
Diagnosis: Cellulitis of the face, neck, and floor 
of the mouth. 

Patient was referred to the Roentgen De- 
partment on June $, 1935, and a treatment of 
289 r was given. After forty-eight hours a 
second treatment of 193 r was given. Within 
twenty-four hours after the first treatment the 
swelling began to resolve and there was definite 
lecrease in pain. The patient improved so 
apidly that she went home shortly after the 
econd treatment. Further convalescence was 
hort and recovery complete. 


Roentgen Irradiation of Cellulitis 8 


J/ 


The following case comes in the general 
group of those patients who were treated 
after the cellulitis has been present for more 
than seven days, in this instance fourteen 
days. This particular case is unique in that 
there was a recurrence which went on to 
suppuration. 


CASE xII (102740-103758). P. G., aged nine- 
teen, white female, single, admitted on August 
14, 1935, and on September 5, 1935, to the 
hospital on the surgical service with a painful 
swelling of the right jaw which developed 
shortly after tooth extraction and which for the 
past fourteen days had not responded to medi- 
cal treatment, but was becoming worse. Pre- 
vious to the tooth extraction there had been 
several attacks of swelling but they had sub- 
sided and it was during this period that the ex- 
traction took place. The tooth was an impacted 
third molar around which the gum frequently 
became swollen. The patient was confined to 
bed with a brawny swelling over the right side 
of the face, extending over the parotid region 
and mandible and into the neck. There was ex- 
treme tenderness and difficulty in swallowing 
and in mastication. Inspection of the mouth 
showed considerable induration and inflamma- 
tory swelling around the tooth socket. From the 
socket a brownish serum exuded, but no frank 
pus. Temperature was 100° F. Blood examina- 
tion showed a white cell count of 8,800 and red 
cell count of 4,700,000; hemoglobin, 85 per cent. 
Urinalysis was essentially negative. Diagnosis: 
Cellulitis of the face and neck with abscess 
formation. 

Patient was referred to the Roentgen Depart- 
ment on August 14, 1935, and given a series of 
roentgen treatments over the right side of the 
face and neck. The first dose was 289 r, with a 
second dose of 135 r forty-eight hours after the 
first dose. Hot magnesium sulphate compresses 
also were used. The day following treatment the 
patient was very apprehensive. Temperature 
rose to 101° F., and on the second day to 
102° F., associated with more swelling. The 
swelling began to diminish on the second day of 
hospitalization. The patient went home on the 
fifth day with a temperature of g9.8° F. At 
home the swelling at first seemed to subside but 
recurred so that the patient was forced to return 
to the hospital on September 5, 1935. A point 
of fluctuation was found and incised, pus ex- 
pressed and drainage established. A second in- 
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cision was made at a second fluctuating point, 
following which the patient made an uneventful 
recovery. 


The cases above reported are those of cel- 
lulitis which followed tooth extraction. 
However, cellulitis may follow any slight 
abrasion or laceration. We have 4 cases to 
present in which there was but a trivial in- 
jury antecedent to the development of the 
cellulitis. At times it is difficult to find the 
source of the infection. 


Case x11 (92137). O. C. D., aged six, white 
male, was admitted to the hospital on the serv- 
ice of Dr. G. E. Johnson with the complaints of 
fever, chills, difficult swallowing and mastica- 
tion, and a swelling just below the chin and the 
right side of the face. This began three days 
before and was preceded by an abrasion of the 
skin the day previous. 

Examination showed a white male child 
acutely ill in bed with a temperature of 101° F., 
and a swelling which involved the floor of the 
mouth and the right side of the face. On the chin 
was a small abrasion, from which the swelling 
extended as described above. Diagnosis: Lud- 
wig’s angina. 

The patient was referred to the Department 
of Roentgen Therapy on January 28, 1934, for 
irradiation. Two treatments were given twenty- 
four hours apart. There was improvement in the 
general condition the following day with relief 
of considerable amount of the pain. Swelling 
and pain had decreased to the extent that eat- 
ing, mastication, and swallowing could be re- 
sumed. Patient was allowed to go home on the 
third day, with a temperature of 100.1° F., 
because of the insistence of the parents. How- 
ever, the convalescence was short and recovery 
was complete in a few days. 

Case xiv (93797). P. G. P., male, aged forty- 
three, admitted to the hospital May 7, 1934, 
with a swelling of the face in the region of the 
left malar bone in the center of which was an 
abrasion. Two days ago the patient was struck 
by a garden hose and the swelling began a day 
later. 

Examination showed an adult male with an 
extensive reddened swelling involving the left 
eye and malar region, with an abrasion in the 
center of this area. Temperature, 99.8° F. 
White blood count, 12,300; red blood count, 
4,800,000. The urine was essentially negative. 
Diagnosis: Cellulitis of the face. 
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The patient was referred to the Department 
of Roentgen Therapy for treatment on May », 
1934, at which time he was given j s.E.p. at 
5 ma., 135 kv. (peak), 14 inch distance, 3 mm. 
aluminum filter. There was a rise in tempera- 
ture following this treatment to 103° F. but 
shortly thereafter it fell to normal. A second 
treatment of 4 s.E.D was given forty-eight 
hours after the first. Fluids were forced and hot 
applications continued. Patient dismissed from 
the hospital the following day. 


Case xv (99873). E. S., aged eight, admitted 
to the hospital on the service of Dr. F. Muller 
with pain and swelling of the left eye and face. 
Five days before the child was struck by a stone 
which abraded the skin above the left eye. Anti- 
septics were used to clean and dress the wound, 
but in spite of this there developed a moderate 
redness and swelling of the tissue around the 
abrasion. No pus was present. The eye became 
swollen and the patient felt feverish. Examina- 
tion showed a small puncture wound of the skin 
above the left eye in an area of extensive swell- 
ing, which was red and painful, and hot to the 
touch. Temperature 103° F. White cell count, 
20,000; red cell count, 4,860,000; hemoglobin, 
85 per cent. The urine showed a one plus al- 
bumin reaction, but was otherwise negative. 
Diagnosis: Cellulitis of the face, possibly 
erysipelas. 

Referred to the Roentgen Therapy Depart- 
ment for treatment on March 24 and 26, 1935. 
Considerable relief was obtained in twenty-four 
hours and the swelling began to recede. White 
blood cells 13,600. On the following day a small 
amount of seropurulent material could be ex- 
pressed from the wound and by March 27 there 
was more discharge and the swelling began to 
decrease in size. 


It is not always necessary that there be 
trauma in the immediate vicinity or in the 
center of the area of cellulitis. Moreover the 
source of infection is not always demonstra- 
ble. This is illustrated by the following 
case: 


Case xvi (103764). P. O’D., white male, aged 
forty-five, admitted to the hospital October 5, 
1935, because of a painful swelling to the lower 
left jaw and neck. This began seven days ago, 
and became progressively worse regardless o! 
treatment. There was no discharge from this 
area. Examination showed a red, indurated 
swelling extending over the left mandible an: 
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into the submaxillary triangle of the neck on 
the left side. There was no point of fluctuation. 
Teeth appeared normal. Temperature to1°® F. 
White cell count 20,250. 

Patient was referred to the Roentgen Depart- 
ment on the day of admission and received 289 
r. Forty-eight hours later he received an addi- 
tional 193 r. He improved rapidly and was dis- 
missed. 


In one of our cases an area of cellulitis de- 
veloped quite remotely from the area of 
trauma and cellulitis. In this case it seemed 
that this metastatic spread of the infection 
must have been by the blood stream. The 
case follows. 


Case xvii (98404). M. H., female, aged five, 
was admitted December 29, 1934, to the hos- 
pital on the surgical service with the complaint 
of a swelling in the neck. This swelling had been 
present for three weeks; it was incised on the 
day of admission and a seropurulent fluid was 
obtained. This showed streptococci. Two days 
later an area of swelling developed in the dor- 
sum of the right foot. Roentgen examination 
showed no bone involvement by the infective 
process. 

Examination showed a draining sinus of the 
neck; an area of redness and cellulitis on the 
dorsum of the left foot. This cellulitis became 
more severe. White blood count on January 5, 
1935, 29,300. Temperature at this time was 
103.8° F. The patient was referred to the Roent- 
gen Department for therapy on January 5S. 
A dose of 289 r was given. A second dose of 193 
r was given on January 7. The temperature 
began to fall in twenty-four hours, it did not 
rise above 102.6° F. On the second day after the 
second dose was administered the temperature 
fell to a level of 101.6° F. and then again fell to 
00° F., at which point it remained constant for 
tour days. The cellulitis showed a rapid decline. 
No suppuration took place in the foot. The 
neck continued to drain. On January 14 the 
patient was removed from the hospital because 
of finances. The foot had cleared up. The white 
cell count was 10,500 on the day of dismissal, 

nd the temperature was 100.4° F. 


Cellulitis repeatedly follows the opening 
tan infected area. We wish to present such 
case in which we feel recovery would have 
en doubtful if roentgen therapy had not 
‘en resorted to. This case is one in which 
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a mastoidectomy had been performed 
about fourteen days previous to the time 
that there developed a cellulitis in the neck 
extending downward from the skin incision 
over the mastoid. 


Case xviil (98864). Mr. C. V., white adult 
male, aged twenty-six, was admitted to the hos- 
pital on January 24, 1935, with the complaint 
of a tender left ear. He was placed on the surgi- 
cal service and an operation of the left mastoid 
was performed. Suppuration and breaking down 
of the bony structures had taken place. About 
ten days after the operation a mass was found 
in the neck just below the incision. This was in- 
cised. The following day the entire left face and 
neck were red, indurated, and the infection 
seemed to be spreading rapidly in all directions. 
Temperature before the incision of the apparent 
abscess was 102.4° F. and the day the extensive 
cellulitis of the neck was found was 104° F. 
rectally. The white cell count was now 33,500. 
Diagnosis: Cellulitis following mastoidectomy. 

The patient was referred to the Roentgen 
Department for therapy on February 7, 1935. 
A dose of 289 r was given, with § ma., 14 in. 
distance, 135 kv. (peak), and 3 mm. aluminum 
filter. After forty-eight hours the treatment was 
repeated with the same factors except that the 
dose was reduced to 193 r. In addition $0 cc. of 
whole blood was injected intramuscularly. The 
temperature began to fall the third day after 
the first roentgen treatment. It fell to 102° F. 
and rapidly dropped each day until on the sixth 
day after irradiation was started it reached 
99.4° F. Recovery from this point on was 
uneventful. 


RESPONSE TO IRRADIATION 


In the 18 cases here reported, the re- 
sponse to the radiation begins within twen- 
ty-four hours. The patient first experiences 
an increase in pain and at times an eleva- 
tion of temperature. This increase in pain 
persists for about six to ten hours and 
sometimes twelve. In twenty-four hours the 
rélief of pain is usually remarkable. Table 1 
indicates that relief of pain occurs not 
earlier than twenty-four hours after treat- 
ment. This is not entirely true. Since the 
patients experience considerable increase in 
the pain in the first twelve hours it has been 
the custom to give morphine in doses ade- 
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quate for relief. Hence the entire effect 
would not be worn off before a period of 
twenty-four hours. In our series of cases 
here reported we find that 14 of the 18 
cases showed definite relief of the pain 
within the twenty-four hour period, where- 
as only 3 report relief not earlier than forty- 
eight hours after the administration of the 
first dose of radiation. As will be noted one 
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This swelling is not always absorbed. Ab- 
sorption without suppuration occurred in 
only 7 cases. In 10 cases fluctuation oc- 
curred and opened spontaneously or was in- 
cised. 

Occasionally after a swelling (inflamma- 
tory) has been absorbed or nearly so, there 
may be a recurrence of the cellulitis. This 
happened in one of our cases. 


TABLE 


COMPILED DATA ON CASES OF CELLULITIS 


Highest Number Day of Day of Hours - Remarks: Temper- 
. White Temper- Hours Puru- Incision before Ae re- ature at 
Case before 
Blood ature on before lent to Swelling covered Time of 
Cells Admis- Tempera- Dis- Evacu- De- D—de- Dis- 
1, of Pain tion 
sion __ ture Fell charge ate Pus creased ceased missal 
I 15 ,600 102.4 72 48 4th 48 6 R 
i 24,950 102.6 48 24 24 6 R 99. 
11 21,850 104. 48 24 3rd 3rd 24 7 R 98 .6 
IV 13,650 102.4 24 24 2nd 24 8 R 100.4 
Vv 12,100 100. 48 24 2nd 48 4 R 98 .6 
VI 18 ,600 101.4 48 48 2nd 48 5 R . 98 .6 
Vil 16,400 102. None None None 4 D 
VIII 23,500 104. 120 48 4th 4th 48 12 R 97.8 
1x 14,350 102.8 72 24 2nd 24 7 R 98 .6 
x 15 ,gOo 103. 24 24 24 7 R 98 .6 
XI 13,450 99.8 96 24 24 3 R 102. 
XI 8 , 800 100. 120 48 4 wk. 48 20 R 99-8 
XII 103.6 48 24 24 3 R 100. 
XIV 8 , 800 99.8 96 24 24 3 R 98 .6 
XV 13,600 103. 48 24 2nd 24 3 R 98 .6 
XVI 20 , 700 1Ol. 48 24 2nd 24 4 R 
XVII 29 , 300 103.8 24 24 24 15 R 100.4 
XVIII 33,500 104.8 72 24 2nd 48 2 R 99 


case did not report relief of pain at any 
time. This patient died due to the infection 
and complications that set in. 

Relief of pain may be said to be one of the 
outstanding effects of irradiation in cases of 
cellulitis (Table 1). There is also a decrease 
in the amount of swelling,which is noticea- 
ble in twenty-four to forty-eight hours. 
With this decrease in swelling the patient 
begins to feel an improvement; and is less 
toxic. In this series there were 9 cases in 
which a decrease in the extent of the swell- 
ing occurred within twenty-four hours; 7 
cases showed a decrease in swelling after 
forty-eight hours. 


The temperature of the patient gives an 
index of the state of health. In these cases 
of cellulitis the temperature ranged from 
99.8 to 104° F. Progress in the cure of the 
infection is also recorded in the study of the 
temperature. Usually when the tempera- 
ture begins to fall toward normal we say 
the condition is more favorable to recovery. 
In 2 cases out of the 18 here reported the 
temperature began to fall on the first day 
after the initial irradiation. When this oc- 
curred one could be fairly certain that 
there would be little or no suppuration. 5'x 
cases showed a fall in the temperature 
curve on the second day after irradiation, 
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and 3 on the third post-irradiation day; 2 
cases showed a fall on the fourth and fifth 
day after irradiation. 

It is not always possible for patients to 
remain in the hospital as long as it may be 
best. For economic reasons mainly many of 
our patients left the hospital with an ele- 
vated temperature. Nine of our cases had a 
temperature which varied only 0.2° from 
the normal. Four patients had a tempera- 
ture above 100° F., and in but 3 cases was 
the temperature between 99 and 100° F. 
and in one the temperature at dismissal was 
102° F. Out of these cases only one (Case 
x11) had a recurrence. In this case the tem- 
perature was 99.8° F. 

TECHNIQUE OF TREATMENT 

The degree of the cellulitis in the various 
patients varies as well as the general re- 
sponse to the infection. We always attempt 
to treat the entire area at one time. This is 
easily done when the cellulitis confines it- 
self to a small area, or one at least not 
larger than 20 X20 cm. If a larger area than 
this is encountered it is obvious that it must 
be divided into two parts. Oftentimes when 
dealing with a cellulitis of the face or neck 
it may be necessary to treat both sides. 
However, we have not been in the practice 
of treating a patient over more than two 
areas at a time, no matter if they are con- 
tiguous or not. If it is necessary to treat 
more than two areas at a time it is well to 
decrease the dose over each area. 

The initial dose in our series is a rather 
heavy dose of approximately 3 s.e.p. This 
is given in an attempt to destroy as many 
of the invading leukocytes as possible and 
liberate the greatest amount of the protec- 
tive substance. We have therefore been 
giving our patients in this series an initial 
dose of 289 r, measured in air. After forty- 

ight hours we have again treated the area 
f cellulitis but this time the dose has been 
reduced to 193r, or about 3 s.£.p. The other 
actors are as follows: 135 kv. (peak), § ma., 
5 cm. (14 in.) focus skin distance, 3 mm. 
‘uminum filter. At this potential we felt 
lat the tissues to a depth of 3—5 cm. would 
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receive the greater portion of the radiation 
and the tissues lying below this level would 
not be injured. 

The total dose is given within forty-eight 
hours and not less than thirty-six hours 
elapses between doses. Cushway and Maier? 
give a full erythema dose which cannot, 
therefore, be repeated for approximately 
thirty days. This, however, is usually not 
necessary. 

CONCLUSIONS 


1. The treatment of choice in cellulitis is 
irradiation which shortens the illness by 
causing early resolution through the fact 
that protective substances are liberated 
from the destroyed leukocytes. 

2. Relief of pain occurs soon after ir- 
radiation and is of great benefit to the 
patient mentally and physically. This re- 
lief of pain occurs when either resolution or 
liquefaction takes place. The early lique- 
faction of the area may necessitate small 
incisions to give drainage. 

3. No extensive surgical incision is neces- 
sary. If an area goes on to fluctuation and 
pus formation, from one to three small in- 
cisions to allow drainage may be necessary. 

4. The temperature decreases in a few 
days as resolution occurs. 

5. The toxicity of the patient decreases 
because of absorption of the liberated pro- 
tective substance as the blood becomes 
bactericidal. 

6. Hospitalization is at a minimum. Many 
cases may be treated as out-patients. 


I wish to thank Dr. P. G. Papsdorf and the attend- 
ing staff of the Evangelical Hospital for permission 
to use their cases. 
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THE ROENTGEN DIAGNOSIS OF NONOPAQUE 
FOREIGN BODY IN THE LOWER 
RESPIRATORY TRACT 


By ALSTON E. MORRISON, M.D.,* and HENRY J. WALTON, M.D. 


The Department of Roentgenology, University Hospital, University af Maryland 
BALTIMORE, MARYLAND 


HE diagnosis of a foreign body in the 

larynx, trachea or bronchus is a not 
uncommon problem encountered by the 
roentgenologist. When the foreign body is 
opaque to roentgen rays, a correct diag- 
nosis is usually not difficult. The presence 
of a semi-opaque or nonopaque foreign 
body, on the other hand, presents consider- 
able diagnostic difficulty, and unless the 
roentgenologist is thoroughly familiar with 
the correct method and technique of 
examination, as well as skillful in the in- 
terpretation of his findings in these cases, 
his percentage of failure to reach a correct 
conclusion will be high. 

Nonopaque foreign bodies usually con- 
sist of some form of vegetable matter and 
they have an effect on the respiratory tract 
which is vastly different from that caused 
by inorganic opaque foreign bodies. To the 
mechanical effects from the bulk of the 
foreign body is added a factor of irritation 
causing a diffuse inflammatory reaction 
which involves the whole tracheobronchial 
tract. This is due to the spread to both 
lungs of an irritating oil peculiar to the 
vegetable matter present.®.° The reaction 
is early and violent, and unless the foreign 
body is promptly diagnosed and removed, 
it may be quickly fatal. If the foreign body 
carries infection with it, the reaction will be 
even more severe. 

Since nearly 50 per cent of foreign bodies 
found in the respiratory tract are of the 
nonopaque type, the importance of a cor- 
rect diagnosis is obvious, and a summary 
and discussion of the present knowledge of 
this subject, placing special emphasis on its 
less familiar aspects, is deemed timely. 

The history is often very helpful and 


* Now in Marion, Ohio. 


may be almost diagnostic in itself. A nega- 
tive history has no negative value. Typi- 
cally, there is a history of a sudden violent 
onset after previous good health, with 
coughing, choking and gagging, accom- 
panied by more or less respiratory dif- 
ficulty. These onset symptoms subside after 
a short time only to reappear in a few hours, 
rarely, if ever, more than twenty-four 
hours.'* The patient then complains of 
paroxysmal cough, increasing dyspnea and 
exhaustion. The symptom-free interval oc- 
curs in nearly every case, and if the patient 
is seen at this time, one should be very 
careful about assuming that the foreign 
body has been spit out or has entered the 
esophagus instead of the trachea, and that 
the danger is over. 

A brief physical examination should be 
made by the roentgenologist. Inspection 
reveals in most cases a restless patient with 
anxious facies and more or less cyanosis. 
Expansion of the affected side is limited. 
Respiration is rapid and jerky and is often 
accompanied by wheezing which may be 
inspiratory or expiratory or both. Asthma- 
toid wheeze, audible slap or palpatory 
thud as described by Jackson and Jackson,’ 
if present, is considered by them as being 
pathognomonic of tracheobronchial foreign 
body. 

Obviously the physical signs will depend 
on the location, size, shape and nature of 
the foreign body. They may change rapidly 
from hour to hour or moment to moment. 
In fact, rapidly changing physical signs are 
very indicative of the presence of a foreign 
body in the respiratory tract. 

The roentgen examination should begin 
with a thorough roentgenoscopic study. If 
possible, the patient should be examined in 
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both the erect and supine positions. The 
patient should not, however, be moved 
more than is compatible with a complete 
examination because a dislodged foreign 
body may be very dangerous if it lodges in 
the contralateral bronchus or blocks the 
trachea or larynx. 

Roentgenoscopy is particularly impor- 
tant in these cases because it is the best 
means of studying the complete respiratory 
cycle over and over again. In this way slight 
abnormalities of respiratory movement are 
often noted which it would be difficult or 
impossible to demonstrate on roentgeno- 
grams. These are best seen when the pa- 
tient’s inspiration and expiration are full 
and complete. Therefore an infant who 
does not cry during the examination should 
be gently stimulated to do so. The roent- 
genologist should repeatedly assure himself 
during the examination that the patient has 
not turned from a true anteroposterior 
position. 

The making of roentgenograms then 
completes the examination. The roentgen- 
ologist, guided by his roentgenoscopic 
observations, should supervise the making 
of the roentgenograms. Accurate and pre- 
cise technique is of the utmost importance. 
In general, the following technique is ad- 
visable. 

The patient should be placed accurately 
in the anteroposterior position in relation 
to tube and film. This is of extreme impor- 
tance if slight shifts of the mediastinum are 
to be detected. 

Two exposures should be made, one at 
the end of full inspiration, the other at the 
end of full expiration. Suitable roentgeno- 
grams may require a great deal of patience 
and some repetition when the patient is too 
sick or too young to cooperate by holding 
the breath on command. The technical 
factors for both exposures should be identi- 
cal, as it is essential that the two roentgeno- 
grams be comparable. Exposure should be 
at full expiration if only one roentgenogram 
is made, because slight degrees of hyper- 
aeration and abnormalities of position of 
heart and diaphragm show best on expira- 
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tion. Exposure time should be one-tenth 
second or less. Lateral and oblique positions 
should be used if needed to demonstrate 
unilobar involvement. 

The roentgen signs also depend on the 
location, size, shape and nature of the for- 
eign body present. The early signs are es- 
sentially those of incomplete or complete 
obstruction at some point along the lower 
respiratory tract. The later signs are those 
of the complications resulting from ob- 
struction and infection; that is, pulmonary 
abscess, bronchiectasis, and drowned lung. 
The foreign body itself, being nonopaque 
to roentgen rays, will naturally not be 
visualized. 

Incomplete obstruction may produce 
either atelectasis or emphysema of the lung 
distal to the point of obstruction. This is 
due to the check valve action of the foreign 
body, which may allow air to enter the 
lung distal to it and not allow its expulsion, 
or vice versa’ (Figs. 1, 2 and 3). 

If obstructive emphysema is present, the 
following signs are noted. At the end of full 
inspiration, unless overinflation is marked, 
the affected area shows no increase in 
transparency, the ribs are in their normal 
horizontal position with wide intercostal 
spaces, the mediastinum is in normal posi- 
tion, and the diaphragm is at its normal 
level. At the end of full expiration the af- 
fected area shows an increase in trans- 
parency while the transparency of the sur- 
rounding or opposite unaffected lung may 
show slight decrease from the normal; the 
ribs over the affected area remain in their 
horizontal position with widened inter- 
costal spaces; the mediastinum shifts away 
from the affected area; the diaphragm on 
the affected side is depressed, and on the 
unaffected side is at the normal level. The 
prominence of these signs depends on the 
size of the affected area and the length of 
duration and degree of obstruction. 

Endobronchial neoplasms and _ extra- 
bronchial lesions causing compression ste- 
nosis of a bronchus also cause obstructive 
emphysema." These conditions, however, 
usually occur in adults, whereas go per cen! 
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of nonopaque respiratory foreign body ac- 
cidents occur before the age of three.” 

The presence of an obstructive emphy- 
sema even without a typical history is 
always sufficient to make a presumptive 
diagnosis of bronchial foreign body. 

A moderate degree of emphysema may 
persist after removal of the foreign body, 
due to swelling of and exudate in the 
bronchus, caused by the chemical irritation 
of the intruding substance. If the signs in- 
crease or persist more than a few days, the 
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Inspiration. Obstructive emphysema, left 
lung. Peanut in left main bronchus. 


diagnosis should again be considered posi- 
tive.® 

If the point of incomplete obstruction is 
in the larynx or trachea, bilateral emphy- 
sema will develop. In this condition the 
roentgen examination shows more than the 
normal amount of residual air present in 
both lungs at the end of full expiration. 
Chere is limitation of motion of the dia- 
phragm on both sides, and it may be at a 
lower level on expiration than on inspira- 
tion. There is little change in the position 
the ribs, the transverse diameter of the 
hest being only slightly narrower on ex- 
ration. There is no mediastinal shift on 
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Fic. 2. Expiration. Same case as Figure 1. Note ac- 
centuation of the signs of obstructive emphy- 
sema. 


inspiration or expiration. The heart appears 
normal on inspiration, but transverse 
measurement shows a marked decrease on 
expiration. This has been shown experi- 
mentally to result from a squeezing of the 
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Same case as Figures 1 and 2. Three days 
after removal of peanut from left main bronchus. 


Fic. 3. 
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Inspiration. Bilateral obstructive emphy- 


Fic. 4. 
sema. Disintegrating vegetable material found in 
right main bronchus. 


heart and intrathoracic vessels between the 
distended lungs during the expiratory effort. 
It probably indicates an actual heart 
tamponade of brief duration with each 
respiratory cycle." Expiration against a 
closed glottis will produce the roentgen 
signs of bilateral obstructive emphysema, 
but the picture will not be present at each 
respiratory effort, hence the two are easily 
differentiated by roentgenoscopy."' We 
have also observed these signs in the acute 
stage of tracheobronchitis of bacterial eti- 
ology, and have been unable to differentiate 
between the two conditions from the roent- 
gen examination alone (Figs. 4 and 5). 
The roentgen signs of atelectasis are the 
same whether the atelectasis is due to par- 
tial or complete obstruction of a bronchus, 
although they are usually more marked in 
the latter type. The lung distal to the point 
of obstruction shows a marked increase in 
density which is usually homogeneous in 
character. The mediastinum may shift to 
and fro slightly, but is displaced toward the 
affected side throughout both phases of 
respiration. The heart will be in the normal 
position only in those cases in which the 
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lung fills with exudate, distal to the point 
of obstruction, forcing it to the midline. 
The picture would then be that of con. 
solidation or empyema, and differentiation 
from roentgen signs is impossible. The dia- 
phragm on the affected side is at a higher 
than normal level, and its motion is very 
limited. The ribs over the affected area re- 
main in the expiratory position throughout 
respiration. A compensatory emphysema of 
the contralateral lung is nearly always 
present. 

A small percentage of foreign bodies are 
unimpacted and move more or less freely 
from bronchus to trachea and back again. 
In these cases no marked abnormality is 
seen on roentgen examination but a per- 
severing roentgenoscopic study usually 
shows fleeting changes, as the foreign body 
temporarily lodges in one or the other of the 
bronchi, and may lead to the diagnosis. 
This type of foreign body is the most diffi- 
cult of all to diagnose correctly. 

The roentgen signs found after the 
foreign body has been present for a long 
time differ in no wise from those found in 
pulmonary abscess or bronchiectasis of 


Fic. 5. Expiration. Same case as Figure 4. Not 
marked decrease in transverse cardiac diameter. 
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whatever etiology and will not be con- 
sidered here. 

The conditions causing signs and symp- 
toms which are most often confused with 
the signs and symptoms of a foreign body 
in the respiratory tract are broncho- 
pneumonia, unresolved pneumonia, chronic 
bronchitis, asthma, common croup, pul- 
monary tuberculosis, and acute laryngo- 
tracheobronchitis. 

Roentgen examination should be made 
as early as possible in every case of sus- 
pected respiratory foreign body to confirm 
evidence received from the history and 
physical examination, or to clear up doubt- 
ful findings; to study the size, shape, nature 
and probable site of lodgment of the foreign 
body, thus shortening the bronchoscopy 
time; and finally, to make a permanent 
record which may be studied repeatedly. 
The earlier the diagnosis and the removal 
of a respiratory tract foreign body, the 
better will be the prognosis. 

Nonopaque foreign bodies in the lower 
respiratory tract are most often misdiag- 
nosed because of failure to think of the 
possibility of a foreign body, failure to make 
a thorough roentgenoscopic study, and im- 
properly interpreted, poorly made roent- 
genograms. The possibility of nonopaque 
foreign body should always be borne in 
mind when examining children and infants 
for pulmonary disease. The roentgen exami- 
nation should be repeated the following day 
or after a shorter interval if necessary in 
those cases where there is a positive history 
of the aspiration of a foreign body, and the 
initial examination is negative. In skillful 
hands and with proper care, a correct 
diagnosis can be made in nearly every case. 
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CHYLOUS ASCITES 


ROENTGENOLOGICAL OBSERVATIONS FROM A CASE IN INFANCY* 
By GEORGE M. WYATT, M.D., and ROBERT E. GROSS, M.D. 


BOSTON, MASSACHUSETTS 


‘NHYLOUS ascites may be found in 

A either childhood or adult life. The fol- 
lowing case showed an unusual feature 
which should aid in making the diagnosis 
of this condition by roentgenographic 
means. 

REPORT OF CASE 

C. S. was a white male, aged six days, who 

entered the hospital August 7, 1939, with 


symptoms of high intestinal obstruction since 
the first day of life. After supportive treatment, 
surgical exploration disclosed an incompletely 
rotated cecum, transduodenal bands, and a 
volvulus of the midgut. Reduction of the volvu- 
lus and severance of the duodenal bands af- 


* From the Children’s Hospital and the Harvard Medical School. 


‘1G. 1. Roentgenograms of a baby, aged six weeks, who was found to have chylous ascites at operation. 
There is abdominal distention and separation of intestina! loops by opaque areas having the appearance 
of free intra-abdominal fluid. The outlines of the liver (indicated by arrows) are visible, due to the increased 
radiability of the fluid which surrounds it. (The superior margin of the liver could be seen below the leve' 
of the diaphragm in an upright film which is not shown here.) These findings are in contrast to the usual 
ones in non-chylous ascites, in which abdominal fluid and liver have the same density. 
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forded complete relief of symptoms. The baby 
was discharged home on the twelfth postopera- 
tive day. Subsequent to that time, the infant 
took his feedings well, gained weight, and ap- 
peared to be normal in every way, until six 
weeks of age, when the abdomen suddenly be- 
came distended. This was not accompanied by 
vomiting, refusal of food, diminution in stools 
or other signs of intestinal obstruction. On 
examination, the baby’s general condition was 


good. The important findings were limited to 
the abdomen, which was diffusely and marked] 
distended. There was no visible peristalsis. 
Auscultation disclosed normal peristaltic ac- 
tivity. Percussion readily demonstrated a large 
amount of intra-abdominal fluid which could | 
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shifted as the baby was rolled from side to side. 
The child did not cry or have other evidence of 
pain. The old operative wound was well healed. 

Roentgenograms (Fig. 1) showed the ab- 
domen to be distended by fluid which separated 
several gas-filled loops of small and large in- 
testine. The amount of gas in these loops was no 
more than is normally found in infants of this 
age. The liver was clearly delineated as a 
smooth, radiopaque structure surrounded by 
fluid which was relatively radiolucent. This con- 
trast between the density of the liver shadow 
and that of the surrounding fluid was the only 
feature which differed from the usual appear- 
ance of ascites. There was no history of inges- 
tion of a heavy metal which could have been 
deposited in the liver and thereby increase its 
radiopacity. 

The possibility of fat-containing peritoneal 
fluid was discussed, but no exact preoperative 
diagnosis was made. Exploration was performed 
under ether anesthesia, and on opening the ab- 
domen there gushed forth white fluid which 
had the appearance of thin uncurdled milk. An 
immediate smear of this showed no bacteria but 
there were many globules of fat. At a later 
analysis, it contained 9.5 per cent fat and had 
the characteristics of chyle. The source of the 
fluid could not be definitely ascertained. There 
were many adhesions between various loops of 
intestine and presumably one of these had ex- 
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erted pressure across the bowel or mesentery in 
such a way that a small lacteal was obstructed 
and ruptured. Therefore, all adhesions which 
could be found were separated and the abdomen 
was closed. The child made a prompt recovery. 

At the present writing, the baby is nine 
months of age, is in excellent health, and has 
no demonstrable peritoneal fluid or other ab- 
normality. Roentgenological examination of the 
abdomen at this time shows no evidence of 
a pathological condition. 

COMMENT 


The increased radiability of fat as com- 
pared with other soft tissues of the body 
has long been known. This same character- 
istic apparently also holds true for liquids 
which contain large amounts of lipoid ma- 
terial. The radiopacity of ordinary ascitic 
fluid or peritoneal exudate is the same as 
that of the parenchymatous organs. There- 
fore, the visualization of solid abdominal 
organs as shadows which are surrounded by 
relatively radiolucent fluid suggests the 
presence of fat in the encompassing me- 
dium. Such visualization, in the absence of 
previous administration of a heavy metal, 
which might be stored in the reticulo- 
endothelial system, justifies the diagnosis 
of chylous ascites. 


OSTEOGENESIS IMPERFECTA* 


REPORT OF TWELVE CASES 
By L. K. CHONT, M.D. 


OKLAHOMA CITY, OKLAHOMA 


STEOGENESIS imperfecta is a sys- 

temic disease of early life characterized 
by generalized osteoporosis, multiple frac- 
tures, relaxed ligaments, and sometimes 
blue sclera and deafness. Only 2 cases are 
known to have occurred in adult age. 

Six subdivisions of this disease were de- 
scribed by different authors which, we be- 
lieve, could be grouped conveniently into 
two divisions: osteogenesis imperfecta con- 
genita and tarda. 

The congenital form includes all cases 
which die in utero or are born with the dis- 
ease. Knaggs” classified this group into (1) 
the fetal and (2) the infantile variety. 

Osteogenesis imperfecta tarda includes 
those cases which were apparently normal 
at birth, and in which the disease occurred 
in the early years of life—usually the sec- 
ond. Many of this group have blue sclera 
and show a striking hereditary tendency. 
This group is often classified as (1) heredi- 
tary form with blue sclera, and (2) a non- 
hereditary form with or without a blue 
sclera. The former is usually referred to as 
“brittle bone and blue sclera,” the latter as 
“fragilitas ossium.”’ 

Fairbank" mentioned’ the “honey- 
combed bone type” occurring in older 
children manifested by extreme fragility 
and cystic unossified areas of varying size 
in the bones. We had under observation 2 
such cases (Cases vi and vil) and have 
serial roentgenograms of the bones. We 
found that these “honey-combed”’ areas 
occurred only after repeated fractures at 
the same site, and the areas of degeneration 
evidently followed bleeding into the bony 
structures. Both of these cases showed this 
honey-combed appearance on the femur 
simultaneously with the regular appear- 
ance of osteogenic imperfecta in other 


bones. One of them was born with fractures, 
while in the other the first fracture occurred 
at two years of age. We do not believe this 
is a different type of osteogenesis imper- 
fecta, but a peculiar manifestation which 
is probably the effect of histamine in the 
bone liberated by incomplete fissure frac- 
tures as is believed in Kiimmell’s disease of 
the spine. Incomplete fissure fractures 
noted in both our cases revealed this honey- 
combed picture (Fig. 3). 

Knaggs” describes a late type occurring 
in “middle life or old age”’; this appeared in 
Ormerod’s*® and Hektoen’s'’ reports. Or- 
merod’s patient was born with fractures 
of both arms and was a victim of rickets in 
childhood, but later recovered and was able 
to live a normal life. At the age of forty, he 
gradually lost his body strength and his 
bones were so fragile that multiple frac- 
tures occurred from minor injuries. He died 
at the age of sixty-eight. His skeleton is in 
the Royal College of Surgeons Museum, 
London, England, and shows the typical 
changes of osteogenesis imperfecta with 
multiple fractures and extreme deformities 
of all ribs and long bones. We believe this 
case is not a different variety but a later 
flare up of a healed congenital type. 

Hektoen’s!® case showed the characteris- 
tic findings of achondroplasia besides the 
multiple fractures, curving bones and 172 
wormian bones of his skull. He was a forty- 
five year old dwarf with relatively short 
limbs which were wide and swollen at the 
epiphyseal portion of the bones. We believe 
this cannot be considered a true case ot 
osteogenesis imperfecta. 

Probably this classification of cases into 
two groups, congenital and tardive, is 
superfluous as is believed by Kaufmann’ 
and Sumita.** We agree with them and be 


* From the Department of Radiology, John E. Heatley, M.D., F.A.C.R., Director, University of Oklahoma Medical Schox 


and Hospital. 
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lieve that all cases referred to as osteogene- 
sis imperfecta congenita, tarda, hereditary 
and non-hereditary osteopsathyrosis, fra- 
gilitas ossium, brittle bone and blue sclera 
are all the same disease and, should be 
called simply osteogenesis imperfecta. One 
of our patients (Case vii1) was born with a 
united intrauterine fracture; 2 of them 
(Cases 11 and v1) had fractures at birth and 
undoubtedly these belong to the congenital 
group. Three acquired the first fractures in 
the second year of life (Cases 1v, vil and x) 
and these belong to the tardive group. 
There are 2 cases in which classification 
would be difficult: Case 1 acquired her first 
fracture in the first week and Case v in the 
third month of life. They are the “‘connect- 
ing link”’ between the congenital and tar- 
dive groups indicating the impracticability 
of this classification. 

The hereditary tendency in this disease 
has been proved. Eckman," as early as 
1788, reported hereditary fragility of bone 
which occurred in three generations. Spur- 
way,” in 1896, had under observation four 
generations of a family in which to out of 
13 members had multiple fractures. Conrad 
and Davenport" collected 35 families from 
the literature in which 2 or more members 
of each family had fragile bones. Key tabu- 
lated 19 families, totalling 477 members, of 
which 388 were descendants of affected 
parents; 241 had blue sclera; 146 multiple 
fractures and 56 were deaf. There are 
many interesting cases on record of families 
having affected members in the second, 
third and fourth generations. Joachim and 
Wasch’s,”! Conlon’s!” and Stobie’s** families 
revealed affected members in five genera- 
tions. On the other hand, there are more 
numerous reports in which heredity of the 
disease could not be traced. Colonna!® in 
his series of 9 cases noticed a “‘striking ab- 
ence of familial or hereditary tendency.” 
Hein'® reported a case of blue sclera and 
nultiple fractures at birth and made a 
thorough investigation of 23 members of 
‘he family in which he was unable to find 

ny presence of history of fragile bones or 
lue sclera. Terry’s® statistics of collected 
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cases show a hereditary origin in 9.8 per 
cent. Lippert” found it to be present in ap- 
proximately 25 per cent of the cases re- 
corded. A hereditary origin was present in 
1 of our 12 cases (Case x); a brother had 
several fractures, from minor injuries, and 
died at the age of fifteen years from a skull 
fracture. Also, his maternal cousin had the 
same disease. The mother of Case 11 had 
short deformed legs, but no history of frac- 
tures could be traced in her case though her 
parents were first cousins. Hein'*® reports 
one similar case which was the offspring of 
first cousins. 

Though microscopic studies are not 
numerous, most authors trace the imper- 
fect bone formation to lack or improper 
function of the osteoblasts. Looser?’ be- 
lieves that osteogenesis imperfecta is due 
to the “‘diminished function of the endos- 
teal and periosteal osteoblasts which, how- 
ever, are of normal structure.” Bolton be- 
lieves in a defective calcium metabolism 
caused by the dysfunction of thymus, para- 
thyroid and hypotonicity of the sympa- 
thetics. Bauer’ states that the histologic pic- 
ture is characterized by a deficiency and 
dysfunction of the osteoblast. Weber*’ 
found the osseous system to consist of 
“fiber bone of inferior quality’ because 
either the osteoblasts are absent or cannot 
produce the higher type shell bone. He 
found only the recent callus having normal 
rows of osteoblasts and_ osteoclasts. 
Knaggs” found the ‘“‘absence of osteoblasts 
and formation of cartilage cells from the 
periosteum instead of osteoblasts” to be 
the most characteristic pathological find- 
ings. He believes there is an intrinsic and 
extrinsic factor—the intrinsic probably 
weakened vitality and the defect of certain 
mesoblasts or connective tissue cells in the 
embryo; the extrinsic cause is probably 
“the failure of an external influence nor- 
mally brought to bear upon the cells which 
are destined to develop osteoblastic func- 
tions.”’ He evidently means the lack of some 
hormone or enzyme. Axhausen* believes 
there is a deficiency of periosteal bone for- 
mation caused by the diminished function 
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of the osteoblasts. Sigowa*! states the path- 
ological process consists in a disproportion 
of the building up and breaking down ac- 
tivity leading to osteoporosis. Voorhoeve 
_believes the etiology is ‘‘an inherited infe- 
riority of the mesenchyme.” Key*makes a 
similar statement—the underlying pathol- 
ogy is the “hereditary hypoplasia of the 
mesenchyme” and “all of the abnormalities 
seem to be due to defects in the develop- 
ment of some of the tissues which arise from 
the mesenchyme.” 

Hansen and his associates"? found no dis- 
turbance in the acid-base equilibrium of 
body fluids and their experiment showed 
that both parathyroid extract and large 
doses of vitamin D produce a negative bal- 
ance of phosphorus and calcium as they do 
in normal subjects so they are contraindi- 
cated. Hansen’s *.'® experiments show that 
one of the characteristic abnormalities in 
osteogenesis imperfecta is a deficiency in 
the retention of calcium and phosphorus 
under conditions which favor retention in a 
normal person. A similar deficiency in mag- 
nesium metabolism is suggestive, but his 
experiment was not conclusive. He also 
made an exhaustive postmortem biochemi- 
cal study and found that the enzyme phos- 
phatase was almost completely absent from 
the periosteal region of the bone, where it 
is abundant in normal bone, and also ab- 
sent in the duodenal mucosa. Since this 
enzyme is greatly increased in fresh callus 
of normal bone”® and in the blood in case 
of osteitis deformans, rickets and osteitis 
fibrosa cystica, it is evident that this enzyme 
is an important factor in the process of ossi- 
fication. 

The ash content of bone was found to be 
decreased first by Barker‘ as early as 1857. 
He found it to be 33.3 per cent; other in- 
vestigators found it to vary between 33 per 
cent and the normal 60-66 per cent. 

A peculiar “china blue’”’ discoloration of 
the sclera present in some instances was 
observed and described first by Spurway.” 
Buchanan’s® histologic study revealed a 
thinning of the cornea and sclera—the 
sclera being one-third as thick as normal, 
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the cornea three-fifths normal. He also 
found a decrease in the total number of #i- 
bers, but could not demonstrate changes in 
the individual fibers. Von Ammon? proved 
by dissection that the blue sclera is consid- 
erably thinner than normal. On the other 
hand, Patterson found the thickness of the 
sclera to be normal and the size and num- 
ber of fibers also normal in one case re- 
ported by Bronson.’ Conlon” and Hermann 
and Fridenberg?® believed that the in- 
creased transparency of the sclera was due 
to certain changes in the quality of the 
fibers and not to actual thinning. Both of 
them stated that a thin sclera would result 
in distention of the eyeball. Since the sclera 
is of mesenchymal origin and the fre- 
quency of this phenomenon appeared in 3 
of our 11 cases, we believe that the pathol- 
ogy of osteogenesis imperfecta is of mesen- 
chymal origin. The significance of blue 
sclera was overestimated by certain authors 
and was believed to indicate a separate 
entity among the idiopathic bone fragilities. 
It was believed that blue sclera was present 
in every case of “‘hereditary hypoplasia of 
mesenchyme” and “‘the characteristic fea- 
ture of the heredity of blue sclera and brit- 
tle bones is that the condition is transmit- 
ted only by affected parents to their 
children. A generation is never skipped as is 
the case in hemophilia.” Another author 
wrote, “It has been said that not all pa- 
tients who have blue sclera possess bone 
fragility, but all cases presenting fragility 
of bones have blue sclera.”’ 

On the basis of our experience derived 
from the study of 12 cases, we cannot sub- 
stantiate the above statements. Our Cases 
11 and x11 possessed a definite blue discol- 
oration of the sclera and characteristic 
skeletal signs of “brittle bones” and had 
multiple fractures. Ligaments of Case x1! 
were so relaxed that the patient was 
brought into the hospital with a diagnosis 
of dislocated hip, which was excluded b: 
roentgen examination. The parents of both 
patients were examined for blue sclera anc 
questioned carefully about family histories 
which were definitely negative regardin: 
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any kind of bone disease. Parents of Case 
11 stated there had been no fractures in the 
family for three generations. In Case xu, 
the only known fracture, in three genera- 
tions, was a multiple fracture of the mater- 
nal grandfather which occurred at the age 
of sixty-five when a tree fell on him. For- 
tunately, he was brought to the hospital 
for care and we still have his roentgeno- 
grams which show a normal bony structure 
and cortical thickness, no trace of previous 
fractures, deformities or osteoporosis. Fam- 
ily history of Case x shows a definite hered- 
ity form of this disease as one brother and 
a cousin from the maternal side had the 
same illness, but not even the slightest 
blue discoloration of the sclera was ob- 
served by several members of the staff at 
repeated examinations. 

Transmission of this disease occurred 
through 2 unaffected males to the fourth 
generation in one of Lippert’s”® cases. 

Patients affected with osteogenesis im- 
perfecta are small, slender and delicately 
built. Cockayne’ reported a family in which 
the affected members were markedly thin 
and light, compared to unaffected members 
of the family. The two affected men 
weighed about go pounds each. Weichman 
and Pool’s** patient, a woman, weighed 
about 76 pounds. Eight of our 12 patients 
(66.7 per cent) were underdeveloped and 
underweight—3 of them approximately 
normal and 1 rather tall. 

Bronson’ first noticed the abnormalities 
of the head and described the affected mem- 
bers of two families. One had prominence 
of frontal and occipital bones, also palpable 
sutures, while the other family showed 
marked bulging of the frontal and supra- 
orbital region. 

Five of our patients (41.6 per cent) had 
heads larger than normal, one showed 
prominent frontal and occipital bones with 
ough palpable sutures, and one had 
narked prominence of the frontal and both 
emporal regions. The presence of wormian 
ones mentioned often in the literature was 

bserved only once. 

Mental development in this disease is 
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usually normal. One of our patients was 
mentally deficient. She was unable to speak 
at the age of four and uttered only unintel- 
ligible sounds. Two were unusually bright, 
the others normal. 

We have noticed an interesting finding in 
all of our cases: injection of the tonsils and 
pharynx, and positive throat cultures for 
staphylococci in 100 per cent. The litera- 
ture does not reveal similar references, but 
this percentage seems too high for a simple 
coincidence. Probably a lowered resistance 
of the body affected by a systemic disease 
is responsible for this increased sensitivity 
of the upper respiratory tract. 

Associated deafness was first reported by 
Adair-Dighton,'! but Bronson,’ Van der 
Hoeve and de Kleyn* showed that it is an 
integral part of this disease. The deafness 
is caused by involvement of the otic cap- 
sule which heals with sclerosis and produces 
a bony ankylosis of the stapediovestibular 
joint, impairing the transmitting system of 
sound waves to the internal ear. Van der 
Hoeve and de Kleyn demonstrated sclero- 
sis of the os petrosa by roentgenograms. It 
is present in approximately 6 per cent of 
the cases reported, as estimated by Lip- 
pert,”* and occurs usually in the third and 
fourth decades of life. None of our patients 
had this phenomenon. 

Though extreme cases are diagnosed by 
first sight or by history of several fractures 
of trivial injury, the most important factor 
of diagnosis is a roentgenogram of the 
skeleton. There are definite roentgen signs 
of this disorder which are different in the 
newborn, infant and adolescent and also 
varied in different stages of the disease, but 
all similar in the generalized decalcification 
of the skeleton. The skull is only a fibrous 
bag plated here and there with a small bone 
plaque in the extreme form of a congenital 
case, as illustrated by Knaggs.” These 
cases are born dead or die within a few 
days. 

The skulls of infants and adolescents are 
deformed, very often, to a certain degree. 
Seven of our 12 cases showed some changes 
on the roentgenogram: 5 had larger crani- 
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ums than normal, one disclosed numerous 
wormian bones, one showed marked promi- 
nence of the frontal and occipital bones, 
and one prominent frontal and temporal 
bones with rough sutures. 

The long bones may be deformed by 
intrauterine fractures of the newborn, but 
the width of the shafts are proportional 
and even with the cortex so thin it is almost 
invisible. At the age of five or six, the shafts 
of involved bones become thinner, but the 
width of the epiphyses remains normal and 
this fact gives a peculiar elongated appear- 
ance to the bone on the roentgenogram 
though the actual length of the extremity 
remains normal. The affected bone, mark- 
edly bent by the malunion of repeated frac- 
tures, shows bizarre deformities, though 
displacement of the fragments is not rare 
at all. Subperiosteal fractures, with angu- 
lation of the fragments, are more common 
and sometimes these fractures heal so per- 
fectly that no sign of an old fracture is 
traceable on the roentgenogram, other than 
the deformity. 

Another interesting finding is the lateral 
displacement of the medullary canal at the 
place of deformity caused by repeated frac- 
tures. The explanation of this phenomenon 
is more new bone laid down at the concave 
side of the bent shaft than at the convex 
surface. Narrow triangular transverse de- 
calcified, structureless areas extending into 
a variable distance to the shaft from the 
convex side of the bent bone are observed 
frequently (Fig. 3), and they often simulate 
an incomplete fracture. Looser?* demon- 
strated that they are defects in the devel- 
opment of curvature. The bone trabecula- 
tion is scanty and coarse giving a more or 
less structureless appearance of the bone. 
In later years, the cortex becomes thicker, 
narrowing the medullary canal and giving 
a ‘brittle appearance’’ to the affected bone. 
We observed this phenomenon more in the 
tibia than the femur, or long bones of the 
upper extremities. The best illustration of 
this is Mucklow’s case in Brailsford’s® book. 

The upper extremities are involved al- 
most as often as the lower extremities; 
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however, only 3 of our patients had no 
fractures of the upper extremities including 
the shoulder girdle. One patient (Case x) 
had a fracture of the scapula. We could 
demonstrate fractured ribs in only 4 cases, 
but they may have been present more fre- 
quently in earlier life in some of our cases. 
Even the small bones may be fractured as 
our Case x had a fractured toe. 

The spine is very often affected; we ob- 
served it in 4 of our 12 cases. In mild cases 
scoliosis and kyphosis of varying degree 
occur, but in severe cases several of the 
vertebral bodies are compressed—3 of our 
cases showed this compression. It was very 
outstanding in Case x11; the lower two- 
thirds of the dorsal and the entire lumbar 
vertebrae were so narrow that the inter- 
vertebral discs, which showed no changes, 
were double and triple the height of ver- 
tebral bodies (Fig. 5). Similar changes in 
a lesser degree were observed in Cases 1 and 
viii. Case tv showed a marked scoliosis of 
the lower dorsal and lumbar spine. 

The pelvis is often involved showing de- 
creased lateral diameter by pressure effect 
of the femora on the acetabulum. It was 
definitely present in 4 of our cases. Because 
of the poor calcium content of the skeleton, 
it is difficult to obtain a good roentgeno- 
gram of the severe cases. 

Examination of the blood revealed red 
blood cells within normal limits—an aver- 
age of 4,739,000 with hemoglobin 80 per 
cent (Sahli). White blood cells varied be- 
tween 6,700 and 22,g00—-an average of 
11,200 with 64.8 per cent neutrophiles, 
which could be due to upper respiratory 
infection present in all cases. 

Blood calcium varied between 10.06 and 
17.71 mg. per 100 cc.—an average of 12.79 
mg. per 100 cc., indicating high values in 
11 cases. Blood phosphorus varied between 
2.8 and 5.4 mg. per 100 cc.—an average of 
4.25 mg. per 100 cc., evidently within nor- 
mal limits. These findings show that cal- 
cium was being thrown into the _ blood 
stream without an appreciable effect on the 
various factors which control calcium and 
phosphorus metabolism. 
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REPORT OF CASES 

Case 1 (Hospital No. 44562). C. E., a white 
girl, aged three, was admitted on July 18, 1929. 
The child had a normal birth, breast fed until 
ten months of age, always had a good appetite, 
no bowel disturbances and no history of any 
child’s disease. She sat alone at two and one- 
half years of age, but never walked or talked. 
Family history revealed seven brothers and 
sisters all healthy, and no similar disease was 
known in the family. Mother had two miscar- 
riages, but there was no bone disease on either 
maternal or paternal side of the family. 

Upon examination, we found an underde- 
veloped and undernourished white female in- 
fant weighing 163 pounds. All long bones 
showed multiple deformities, marked bowing 
and shortening of actual length, ends were 
pointing toward gravity when lying down (Fig. 
1). Mental condition was low and she uttered 
only unintelligible sounds. The head was box- 
shaped, sutures rough and uneven, tonsils were 
red and cryptic, and teeth fairly well developed. 
Roentgen examination showed extreme decal- 
cification of all bones and numerous old united 
fractures involving all long bones and ribs (Fig. 
2}. 

Laboratory Findings. Red blood cells 4,600,- 
00; hemoglobin 75 per cent; white blood cells 
8,000, 72 per cent neutrophiles; Wassermann 
negative; blood calcium 15.2 mg. per 100 cc.; 
blood phosphorus 3-9 mg. per 100 Cc. Throat 
culture showed many staphylococci. 

The patient showed no improvement, and 
died at the age of four from pneumonia. 


CASE II (Hospital No. 77197). E. L. A., well 


developed and well nourished white female 


hic. 1. Case 1. Numerous fractures involving upper 
extremities, shoulder girdles and all ribs. Note de- 
tormed right humerus. 


Fic. 2. Case 1. Extreme deformity of lower extremi- 


ties: note numerous subperiosteal fracture lines. 
child, aged fourteen months, was admitted 
October 20, 1934, with a recent fracture of left 
femur. The mother stated the child fractured 
this femur a few months before and the other 
at birth. Examination revealed the skin to be 
pale, frontal and parietal bones prominent, 
frontanel open and larger than normal. Sclera 
had pale bluish tint and teeth were decaying. 
Left thigh showed marked bulging at proximal 
third, foot everted and painful on motion. 
Roentgen examination revealed a_ recent 
fracture at proximal third of left femur, and old 
healed fractures of the shafts of both femora, 
humeri, and right radius. Both tibiae showed 
marked bowing. The entire skeleton showed 
marked decalcification, cortex of all bones very 
thin and the pelvis deformed and narrowed. 
Laboratory Findings. Red blood cells 4,000,- 
000; hemoglobin 75 per cent; white blood cells 
10,000, neutrophiles 66 per cent; blood calcium 
g.8 mg. per 100 cc.; blood phosphorus 4.6 
mg. per 100 cc.; temperature 99.2° F. The pulse 
and respiration were normal on admission. 
Family history was unimportant. 


856 


This patient returned several times with new 
fractures caused by trivial injuries, such as 
turning over in bed. The total number of frac- 
tures treated in this hospital was eight. At this 
time, present status of patient is not known. 


Case 111 (Hospital No. 44356). H. T., mod- 
erately developed, well nourished white boy, 
aged twenty-six months, was admitted on June 
3, 1929, for a recent fracture of right femur. 
Mother stated that the boy was never able to 
walk, and his bones were so soft they have been 
broken several times. The patient’s maternal 
grandparents were first cousins; the mother’s 
lower limbs were underdeveloped. 

Examination revealed all joints abnormally 
mobile, all extremities very thin and there was 
a prominence at the region of the lumbosacral 
junction. Roentgen examination showed the 
sacral canal to be open; old united fracture at 
middle third of right femur; a recent fracture 
at the lower third of left femur and tibia; skull 
had numerous stellate fractures on the left side, 
extending from the midline to base. All bones 
showed marked decalcification. 

Laboratory Findings. Red blood cells; 4,600,- 
000; hemoglobin 85 per cent; white blgod cells 
22,900, 40 per cent neutrophiles; blood/ calcium 
17.71 mg. per 100 cc.; blood phosphorus 4.42 
mg. per 100 cc.; urine calcium 0.021 gm. in 
twenty-four hours; urine phosphorus 0.17 gm. 
in twenty-four hours. Throat culture showed 
gram positive cocci; staphylococci predomi- 
nated; Wassermann negative. 

Fractures were slow in healing and the pa- 
tient returned several times for treatment of 
further fractures of left humerus, tibia, radius 
and ulna, and right femur. In 1933, we were 
notified by his local doctor that the patient 
continued to have fractures which healed in 
every instance. 


Case iv (Hospital No. 52911). E. L. K., 
fairly well developed, well nourished white girl, 
aged thirteen, was admitted on November 17, 
1930. Present illness began when child was 
eighteen months old, the gums became swollen, 
teeth had abscesses around them, and six were 
removed at that time. At twenty-two months, 
she had a fracture of the left femur but appar- 
ently recovered and was able to walk without 
difficulty. Later, she had eight more fractures 
of the same leg, one of the right leg, and two of 
the right arm. The last fracture involved the 
left leg and occurred three years ago. Since that 
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time the patient has not walked. Deformity of 
the spine took place during this time, and about 
four years ago the mother noticed a bowing of 
both tibiae. In addition to this, the child com- 
plained of “gas in stomach” and shortness of 
breath. 

Patient was born at full term, delivery spon- 
taneous, in good condition at birth and breast 
fed. Began cutting teeth at five months, sat 
up at six months, walked and talked at fourteen 
months. The child had measles and whooping 
cough. Family history unimportant. 

On examination, head seemed to be large in 
proportion to body; teeth had a semi-transpar- 
ent appearance; thorax was deformed; costal 
margins prominent and left side posteriorly 
bulging. The spine showed kyphosis, scoliosis 
and lordosis. Both tibiae had anterior bowing 
and right forearm lateral bowing. 

Laboratory Findings. Red blood cells 5,210,- 
000; hemoglobin 80 per cent; white blood cells 
6,700, §2 per cent neutrophiles; blood calcium 
14 mg. per 100 cc.; blood phosphorus 4.2 mg. 
per 100 cc. Throat culture showed many staphy- 
lococci. 

Roentgen examination disclosed an extremely 
thin cortex of all bones; scoliosis and lordosis 
of the spine; vertebral bodies decalcified and 
thinned; pelvis retracted. Temperature, pulse, 
and respiration normal at admission. 


Case v (Hospital No. 84398). W. L. H., a 
girl, aged four, somewhat underdeveloped and 
undernourished, was admitted with a history of 
several old fractures of all extremities, the first 
occurring at three months of age. This was the 
fifth child; delivery was normal; sat up at six 
months, but was never able to walk. The 
mother had had antisyphilitic treatment, other- 
wise family history irrelevant. All other children 
in the family were normal. 

Examination revealed scleras to have a blu- 
ish tint; both upper extremities were bowed 
and palpation disclosed thickening of old healed 
fractures; both clavicles were deformed from 
old fractures; elbows showed cubitus varus de- 
formity; femora were bent, evidently from old 
fractures; knees showed genu valgum deformity 
and left forefoot was in adduction. Chest was 
pigeon shaped; spine showed marked right 
scoliosis and kyphosis. 

Laboratory Findings. Red blood cells 4,400,- 
000; hemoglobin 80 per cent; white blood cel! 
16,400, 74 per cent neutrophiles; Kline tes! 
negative; blood calcium 916 mg. per 100 cc.: 
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blood phosphorus 4.8 mg. per 100 cc.; throat 
culture showed staphylococci; temperature, 
pulse, and respiration normal at admission. 


Case vi (Hospital No. 43290). R. A. G., well 
nourished, very small white boy, aged four, 
was admitted on March 10, 1929, with a frac- 
ture of the right femur which happened three 
weeks previously. The mother stated patient 
was born by breech extraction with fracture of 
both arms and legs. He was never able to walk. 
Had had sore throat very often. Family history 
irrelevant. 

Examination showed head larger than nor- 
mal; humeri and femora deformed; right femur 
very tender at site of deformity. Roentgen ex- 
amination revealed a recent fracture with good 
callus formation at the proximal third of right 
femur and old united fractures at midshaft of 
humeri and left femur. Right humerus and both 
femora showed considerable bowing; pelvis 
marked contraction, but there were no frac- 
tured ribs. 

Laboratory Findings. Red blood cells 4,200,- 
000; hemoglobin 80 per cent; white blood cells 
8,900, 62 per cent neutrophiles; blood calcium 
10.06 mg. per 100 cc.; blood phosphorus 4.42 
mg. per 100 cc.; throat culture showed many 
staphylococci. Temperature 99.4°F.; pulse, 
respiration, and blood pressure were normal at 
admission. 

Fracture healed satisfactorily, with good 
callus formation, in six weeks. Patient fell out 
of bed on August 12, 1929, fracturing right 
femur just below lesser trochanter; this also 
healed without any difficulty. On February 18, 
1930, patient again returned with a new frac- 
ture of lower third of left femur, and five 
months later another new one of middle third 
of right femur, both healing satisfactorily. On 
\ugust 19, 1930, patient returned with fracture 
of left femur, upper third, and on March 15, 

)31, fracture of middle third of same femur. 

Patient was last seen on August 21, 1931, but 
showed no marked improvement. His present 
status is unknown. 


Case vit (Hospital No. 53174). L. N., a 
vhite boy, aged nine, underdeveloped and 
dernourished, was admitted on December 4, 
30. He was born at full term, though labor 
s difficult. Breast fed, and teeth appeared 
1x or eight months. He started to walk when 
ut two years of age, but his health generally 
| growth were always poor. Had several 
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Fic. 3. Case vir. Cystic (honeycomb) areas on an- 
terior surface of deformed femur. Arrow: tri- 
angular structureless area extending into lateral 
two-thirds of shaft at the peak of bending, simu- 
lating incomplete subperiosteal fracture. 


fractures of both legs by minor injuries and five 
months ago was in a car accident. Unable to 
walk since. Family history irrelevant. 

Examination showed tonsils and pharynx 
very red; otherwise head, neck, and abdomen 
essentially normal, but chest was rather flat. 
Right femur showed marked anterior bowing 
and the left marked lateral bowing. 

Roentgen examination revealed pronounced 
decalcification of all bones and previously men- 
tioned deformity of femora with at least three 
old united fractures. 

Laboratory Findings. Red blood cells 4,200,- 
000; hemoglobin 80 per cent; white blood cells 
10,600, 60 per cent neutrophiles; Wassermann 
reaction negative; blood calcium 13.33 mg. per 
100 cc.; blood phosphorus 2.8 mg. per 100 cc.; 
urine showed calcium oxalate crystals; throat 
cultures showed many staphylococci. 

The patient returned twice in 1931 and once 
in 1933 with recent fractures of the left femur; 
these healed without any difficulty. He was 
seen again in 1936 but had had no fracture in 
the preceding two and one-half years. Since 
roentgen examination showed several areas of 
cystic degeneration at the anterior surface of 
left femur (Fig. 3) no corrective operation of 
the bones was advised. 


Case viil (Hospital No. 64972). L. B., a 
white boy, aged eight, poorly developed and 
undersized, was admitted on October 4, 1932. 


Fic. 4. Case x. Most common finding in the roent- 
genogram of osteogenesis imperfecta. Note thin 
cortex, deformed shafts. 


His face looked about fifteen years old, but his 
body like that of a five year old child. Mentally, 
he was very bright and cooperative, but he had 
a speech defect like one caused by a large 
tongue. Patient was maldeveloped at birth, and 
had several fractures of practically all bones 
when he attempted to walk and use his arms. 
Family history irrelevant. 

Examination showed head was large for size 
of body, with a prominent wide forehead and 
bulging temporal regions. Face was thin in pro- 
portion to cranium; scalp showed a bald spot of 
3X3 cm. on the cranium, due to an old healed 
eczema. Scleras appeared normal; teeth were 
badly decayed with many missing; tonsils were 
hypertrophic and red; pigeon breast deformity 
with flaring of costal margins. The abdomen 
was flat and small in comparison to chest; tibiae 
were bowed anteriorly and appeared short. He 
was unable to walk without support. His right 
arm appeared to be normal, but left humerus, 
radius and ulna were bowed outward. 
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Roentgen examination revealed extreme de 
calcification of all bones with several old united 
fractures, resulting in extreme bowing of all 
long bones. 

Laboratory Findings. Red blood cells 4,800,- 
000; hemoglobin 80 per cent; white blood cells 
10,200, 76 per cent neutrophiles; Wassermann 
reaction and urinalysis negative; blood calcium 
13.3 mg. per 100 cc.; blood phosphorus 4.2 mg. 
per 100 cc.; throat culture showed many 
staphylococci; urine calcium 0.01 gm. in 
twenty-four hours, and urine phosphorus 0.12 
gm. in twenty-four hours. 


CASE Ix (Hospital No. 80636). a W.A., well 
developed and nourished white boy, aged four, 
was admitted on May 20, 1935, with a recent 
fracture of left tibiae; he had had five previous 
fractures and all united without any difficulty. 
Family and past history otherwise unimpor- 
tant. 

Scleras were normal and roentgen examina- 
tion showed marked decalcification of all bones 
with old united fractures of both lower extremi- 
ties and an incomplete transverse fracture at 
the midshaft of the left tibia with anterior 
bowing. 

Fracture healed normally but he was ad- 
mitted one month later for a fracture of both 
tibiae, and three months later returned with a 
fractured clavicle, all healing satisfactorily. A 
short time later a tonsillectomy was done be- 
cause of repeated tonsillitis. 

Laboratory Findings. Red blood cells 4,680,- 
000; hemoglobin 80 per cent; white blood cells 
10,400, 76 per cent neutrophiles; blood calcium 
10.2 mg. per I00 CC.; blood phosphorus §.2 
mg. per 100 cc.; urine showed triple phosphate 
crystals. 

He is, at this time, returning with new frac- 
tures, at least twenty-six in number, including 
femur, tibiae and clavicle. It is interesting to 
note that one of his fractures occurred when he 
was walking and one when he was turning over 
in bed. 


Case x (Hospital No. 65488). A. H., a well 
developed and fairly well nourished white boy, 


aged eleven was admitted on November 7, 1932; 
for a recent fracture of left tibia. Patient was 
born at full term, breast fed, had whooping 
cough, diphtheria and chicken pox. At two 
years of age, he had a broken leg and from this 
time had twenty fractures, including femora, 
tibiae, clavicle, scapula, ribs, great toe, h 

merus, radius, and ulna. He stated his bon 
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would fracture while he was walking or support- 
ing himself on crutches. Fractures occurred 
without any trauma. This fracture> occurred 
spontaneously when patient was resting on his 
crutches; he had a sudden pain just below left 
knee and could feel the bones grind together. 

A brother and cousin on his mother’s side 
had this same kind of bone disorder. The 
brother died with a fractured skull at fifteen 
vears of age. When the patient was admitted, 
he was a sixth grade pupil and stated he made 
fair grades in school. He seemed intelligent and 
was very cooperative. 

Examination revealed a clear sclera without 
any trace of bluish tint. Head, neck and chest 
were negative; tonsils enlarged. Upper extremi- 
ties appeared underdeveloped; both femora 
showed lateral bowing, callus of former frac- 
tures was palpable. Muscles of both lower ex- 
tremities were underdeveloped. 

Roentgen examination showed marked de- 
calcification of all bones, outer plate of skull 
was very thin; shafts of lower extremities were 
markedly decreased in width and the cortex 
of all bones was thin. Previously mentioned de- 
formities and several old united fractures were 
also seen (Fig. 4). 

Laboratory Findings. Red blood cells 5,460,- 

0; hemoglobin 85 per cent; white blood cells 
7,900, 70 per cent neutrophiles; Wassermann 
reaction negative; blood calcium 12.9 mg. per 
100 cc.; blood phosphorus 2.8 mg. per 100 cc.; 
urine showed triple phosphate crystals and 
throat culture many staphylococci. 

Fracture healed without any difficulty, but 
the patient returned several times with new 
fractures, at least twenty-nine in number. He 
was readmitted for corrective surgery, oste- 
otomy of left tibia was done and bone graft ap- 
plied. Several months later, right leg was cor- 
rected and shortened to length of left. Excellent 
results were obtained and both legs are now 
straight. Patient was last seen September 30, 
i939, and had no complaints. 


Case x1 (Hospital No. 100787). O. M., a 
poorly developed female, aged six, was ad- 
mitted March 17, 1939. Her mother was Indian 
ind the father Caucasian. A few days after 
birth, the mother noticed the lower extremities 
were deformed; the hips not well developed and 
the bones having the appearance of being 
mashed together.”’ The child was a full term 
aby and delivery was normal. Dentition oc- 
irred at two years of age, speech at three 
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Case x1. Bodies of lower dorsal and lumbar 


hic. §. 
vertebrae are extremely narrow from compressed 
fractures; intervertebral discs are larger than com- 
pressed bodies. 


years, but patient never walked. The mother 
stated the child caught cold easily and fre- 
quently. There was no family history of bone 
diseases or other familial diseases. 

Physical examination showed a small, poorly 
nourished child in no acute distress. The entire 
skeleton was apparently deformed; the head 
large in comparison to remainder of body and 
long arms with marked cubitus varus on the 
left and moderate on the right. The spine 
showed moderate kyphosis, and both upper 
thighs marked lateral bowing. 
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Roentgen examination revealed the skeleton 
to have generalized decalcification; all the 
thoracic and lumbar vertebral bodies com- 
pressed, many of them wedge-shaped; inter- 
vertebral discs, though normal in appearance, 
were wider than the compressed bodies (Fig. 5). 
Upper third of both femoral shafts had marked 
lateral bowing and coxa vara deformities and 
there was compression of the pelvis at the level 
of the acetabula. 

Laboratory Findings. Red blood cells 4,090,- 
000; hemoglobin 80 per cent; white blood cells 
12,500, 60 per cent neutrophiles; urine nega- 
tive; Wassermann reaction negative, blood 
cholesterol 130.3 mg. per 100 cc.; blood calcium 
10.8 mg. per 100 cc.; blood phosphorus 4.6 mg. 
per 100 cc.; basal metabolic rate plus 18 per 
cent. 

The therapy consisted of cod-liver oil, mal- 
tine, and dietary advice. Patient returned six 
months later, slightly improved and able to 
walk with crutches. 


Case xii (Hospital No. 84303). G. M. C., a 
white female, aged eighteen months, was 
brought to the hospital on November 18, 1939, 
with a diagnosis of congenital dislocation of 
both hips—based on overmobility of joints. 
The mother stated the child was normal at 
birth, though small in size; could sit alone, but 
never stood up. Family history was irrelevant; 
there are four other children all normally de- 
veloped. 

Examination revealed an underdeveloped 
and undernourished white girl with no visible 
sign of any abnormality except outstanding 
blue sclera; throat and tonsils were injected. 

Roentgen examination of entire skeleton dis- 
closed a marked generalized osteoporosis with 
thin cortex; old healed fracture lines, without 
any deformity on both humeri, femora, and 
tibiae, but no dislocation of hips. 

A diagnosis of osteogenesis imperfecta was 
made solely on roentgen findings without seeing 
the child. Patient was not admitted at that 
time, but the mother was instructed to handle 
her very carefully. Within a month she was ad- 
mitted with a recent fracture of left femur, 
occurring when she turned over in bed. Fracture 
healed normally within three weeks. A careful 
history was taken from the mother, but no evi- 
dence of hereditary transmission was disclosed. 
She did not know when the old fractures, shown 
on roentgenograms, occurred, but noticed a 
shortening of one leg about six months previous 
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to admission, however did nothing about 
The baby cried when extremities were touched. 
Laboratory Findings. Red blood cells 4,2 

000; hemoglobin 80 per cent; white blood cells 
12,000; 76 per cent neutrophiles; Wassermann 
reaction negative; blood calcium 12.8 mg. per 
100 cc.; blood phosphorus 2.7 mg. per 100 Cc.; 
urine showed triple phosphate crystals, and 
throat culture showed many staphylococci. 


SUMMARY 


Twelve cases of osteogenesis imperfecta 
are reported. 

The roentgen findings are especially dis- 
cussed; important historical, clinical and 
pathological data recorded in the interna- 
tional medical literature are reviewed. 
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CONGENITAL HYDROCEPHALUS 
REPORT OF TWO CASES 
By PERCIVAL A. ROBIN, M.D. 


HEMPSTEAD, NEW YORK 


HE occurrence of congenital hydro- 
cephalus in the practice of obstetrics 
is fortunately not common but when pres- 
ent it may prove to be a serious complica- 
tion if not diagnosed early. In the majority 
of cases reported in the literature its pres- 


other, only after attempted forceps extrac- 
tion. 


Case 1. The patient, white, primipara, aged 
nineteen, in the ninth month of pregnancy, was 
found to have enlargement of the uterus out of 
proportion to the period of gestation. The pres- 


Fic. 1. Case 1. Anteroposterior, 4, and lateral, B, roentgenograms show the marked enlargement of the feta! 
skull with thinning of the tables. The head is resting just above the superior strait. The disproportion is 


quite obvious. 


ence is usually detected only after arrest 
of labor or rupture of the uterus. The roent- 
genographic study of the patient at term 
in recent years has offered a means by 
which, in questionable cases, the presence 
of hydrocephalus may be confirmed before 
the onset of labor. The 2 cases presented in 
this report were diagnosed by the pelvio- 
cephalometric method of Ball. One case was 
examined three weeks prior to delivery, the 


ence of hydramnios or twins was suspected; the 
latter was felt to be more likely because it was 
thought that two fetal hearts could be heard. 
Roentgen examination revealed the presence 
of a single fetus in utero with the head present- 
ing but riding above the superior strait. The 
fetal cranium measured $0 cm. and had a vo! 
ume capacity of 2,010 ml. A diagnosis of co! 
genital hydrocephalus was made (Fig. 1). | 
was decided to permit the patient to go int 
labor. Three weeks later the patient was a 
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mitted to the hospital in active labor. The cer- 
vix was dilated almost completely and the head 
by rectal examination had descended to just 
above the level of the ischial spines. After the 
usual vaginal preparation a Kelly forceps was 
introduced into the posterior fontanel and a 
flow of blood-tinged fluid (approximately 800 
cc.) drained off. Immediately thereafter the 
head descended to the perineum, and, after a 
lateral episiotomy, was delivered with ease. 

On examination of the fetus the cranial bones 
were found to be thinned and overlapping. The 
entire head was elongated, more particularly 
posteriorly (Fig. 2). The calvarium was then 
split along the sagittal plane, revealing a large 
cranial cavity (Fig. 3) and an attenuated cere- 
brum which occupied only the anterior portion. 
The brain was removed and sectioned. The 
lateral ventricles were found to be about eight 
times normal size. The brain tissue was con- 
sideraby thinned, particularly over the lateral 
ventricle. 


Case ul. The patient, white, primipara, aged 
eighteen, was admitted to the hospital following 
thirty hours of labor. Shortly after admission 
the membranes ruptured and the cervix was 
found to be almost.fully dilated. The head could 
be felt just dipping into the brim of the pelvis 
and an effort was made to apply high forceps. 
Two unsuccessful applications discouraged the 


G. 2. Case 1. Photograph shows the increase in 
size and elongation of the fetal head immediately 


after delivery. 


Congenital Hydrocephalus 


Fic. 3. Case 1. The skull was opened along the sagit- 
tal suture and the brain, as shown in this illustra- 
tion, was found to be collapsed. The large cranial 
cavity is evident. 


operator and he referred the patient for a roent- 
gen examination. This examination (Fig. 4) of 
the pelvis showed a single fetus in utero with a 
tremendous head, attempting to mold into the 
superior strait. The perimeter measured §2 cm. 
and had a volume capacity of about 2,105 ml. 
Although the presence of hydrocephalus had 
been unsuspected clinically, the diagnosis was 
established by the roentgen appearance of the 
fetal head characterized by tremendous increase 
in the perimeter and thinning of the calvarium. 

It was thought advisable, because of the pos- 
sibility of a ruptured uterus, to perform a cae- 
sarean section. On opening the abdomen there 
was no evidence of free blood in the peritoneal 
cavity. A low section of the uterus was done 
and the fetus delivered. It presented a markedly 
elongated head. The baby lived for three days. 
No postmortem was obtained. The mother 
made an uneventful recovery. 


The incidence of marked hydrocephalus 
is reported to be about 1:3,000. Milder 
forms are more often encountered. Con- 
genital hydrocephalus is characterized by 
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Fic. 4. Case 11. Anteroposterior, 4, and lateral, B, roentgenograms show the large fetal skull attempting to 
mold into the inlet. This examination was made after two unsuccessful forceps applications. 


an abnormal increase in the size of the fetal 
cranium and is the result of an excessive 
accumulation of spinal fluid within the ven- 
tricles or in the subarachnoid space. The 
head may reach a circumference as great 
as 80 cm. and contain as much as 2 quarts 
of fluid. There is marked thinning of the 
cranial bones with impairment of ossifica- 
tion. The brain tissue is partially destroyed 
due to the increased pressure. 

There are three points at which obstruc- 
tion may occur to prevent the normal pass- 
age of the fluid: the aqueduct of Sylvius, 
the foramen of Magendie, and the third 
ventricle (Boyd). Because of its length and 
narrow lumen the aqueduct is considered 
the weakest point. Dandy and Blackfan 
produced hydrocephalus in dogs by placing 
a capsule in the aqueduct of Sylvius. No 
single definite factor has been shown to be 
the cause of congenital hydrocephalus. 
Syphilis has been suggested as an etiological 
agent, but a study of the published cases 
has not borne out this contention. 

In cases presenting a greatly enlarged 
abdomen the differential diagnosis includes 
hydrocephalus, multiple pregnancy, tumor, 


abnormally high pregnant uterus due to 
marked pelvic contraction, or hydramnios. 
It is found that often when hydramnios 
occurs there will be an associated fetal anom- 
aly (Falls). Careful clinical examinations 
in hydrocephalus disclose the presence of an 
enlarged head with widened sultures and 
fontanels, presenting a peculiar crackling 
sensation and fluctuation. The greater the 
size of the head, the greater the tendency 
toward breech presentation (Davis), in the 
event of which abdominal palpation should 
confirm the presence of the enlarged head 
in the fundus. On lower abdominal palpa- 
tion the presenting head may be felt as a 
large movable body isolated over the supe 
rior strait. On vaginal examination, follow 

ing dilation of the cervix, one may detect 
the fluctuation through the separated su 
tures and fontanels. In cases of marked 
hydramnios, however, the large craniun 
may be overlooked. According to Schu 
mann, the presence of a fetal pulse rat 

which has dropped sharply suggests tha‘ 
the fetus has been undergoing dangerot 

pressure, either compression of the skull « 

pressure upon the cord. 
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Modern roentgenographic technique en- 
ables the roentgenologist to measure 
accurately the size of the fetal cranium. 
According to the Bali standards the normal 
volume capacity of the head should not 
greatly exceed 7oo ml. Cases of slight hy- 
drocephalus have a capacity of about goo 
ml., and marked hydrocephalus, 1,050 ml. 
or over. The roentgenograms reveal the 
presence of a large head with separated 
sutures and fontanels and somewhat trans- 
lucent cranial bones. A roentgen examina- 
tion is indicated in all suspicious cases of 
hydramnios accompanied by failing fetal 
pulse and lively fetal movements (Gran- 
ZOW ). 

The accepted form of treatment in 
marked hydrocephalus is to disregard the 
child entirely because of the many asso- 
ciated anomalies, such as spina bifida, an- 
ophthalmus, mental abnormalities, and 
also the damaging effect in delivery to the 
mother. Most obstetricians advocate the 
use of a trocar to rupture the dura and 
allow the cerebrospinal fluid to drain off. 
A certain few cases will deliver spontane- 
ously due either to a previous rupture of a 
fontanel or excessive molding of the head. 
It is unsafe, however, to rely on nature’s 
efforts to deliver the child for there is con- 
stant danger of rupture of the uterus. 


SUMMARY 


In view of the fact that early diagnosis 
assures a low mortality rate it is expedient 
to be on the alert for the possibility of con- 
genital hydrocephalus in abnormal preg- 
nancies. Careful clinical examination ac- 
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companied by roentgenographic examina- 
tion of all suspicious cases assures early 
diagnosis, thus rendering the treatment 
elective. 
REFERENCES 
1. Batt, R. P. Roentgen pelvimetry and fetal 
cephalometry. Surg., Gynec. & Obst., 1936, 62, 
798 810. 

Bincuam, R. G. Labour retarded by hydro- 
cephalus terminated by draining a spina 
bifida. Brit. M. F., 1927, 7, 616-617. 

Boyp, Witiiam. Surgical Pathology. W. B. 
Saunders Co., Philadelphia, 1926, pp. 643-646. 

Danpy, W. E., and Biacxran, K. D. Experi- 
mental and clinical study of internal hydro- 
cephalus. 7. dm. M. Ass., 1913, 67, 2216-2217. 

Davis, C. H., Editor. Gynecology and Obstet- 
rics. W. F. Prior Co., Inc., Hagerstown, Md., 
1934. 

Dawson, A. S. Case of hydrocephalic monster. 
Indian Med. Gaz., 1926, 67, 500. 

. DeLes, J. B. Principles and Practice of Obstet- 
rics. Sixth edition. W. B. Saunders Co., Phila- 
delphia, 1933, pp. 692-695. 

. Fautis, F. H. Diagnosis of fetal deformities in 
utero. .4m. F. Obst. & Gynec., 1928, 16, 801 
813. 

. Granzow, J. Seltenere Bilder aus der geburts- 
hilfichen R6ntgendiagnostik. Zentralbl. f. 
Gyndak., 1934, 58, 1330-1337. 

. Prarre, T. H. M. Delivery of child with hydro- 
cephalus in breech presentation. Neder. 
Tijdschr. v. Geneesk., 1926, 1, 664-665. Abs. 
F. Am. M. Ass., May 15, 1926. 

. Romu to, E. P. Rupture of uterus due to hydro- 
cephalus. 7. Philippine Islands M. Ass., 1930, 
10, 442-445. 

. Scuumann, E. A. A Textbook of Obstetrics. 
W. B. Saunders Co., Philadelphia, 1936. 


to 


6. 


13. Tittm, S. J. Acute hydramnios and a hydro- 
cephalic anophthalmic monstrosity. West. 7. 
Surg., 1934, 42, 232-234. 

14. Wuirripce. Obstetrics. D. Appleton 


& Co., New York, 1930, pp. 974-975. 


| 


COBRA VENOM IN THE RELIEF OF PAIN 


DUE TO CANCER* 


By PHILIP J. HODES, M.D., and ROSALIND S. THORNER, M.D. 


PHILADELPHIA, PENNSYLVANIA 


ECENTLY the use of cobra venom for 

the relief of pain was suggested by 
Monaelesser and Taguet*® who observed 
complete relief of severe neuritic pain in a 
leper bitten by a tarantula. This led to a 
study of the neurotoxic properties of 
venoms in an effort to discover an effective 
agent for the relief of pain. Cobra venom 
was decided upon because it seemed richest 
in neurotoxins. 


CHEMICAL PROPERTIES 


Venom, as collected from the cobra, is a 
clear, straw colored fluid.! When dried the 
solid matter is deposited as scales, ap- 
proximately 200-370 mg. of the solid being 
obtained from each ejaculation.'* In this 
form its potency remains constant for 
years.’ In solution the drug deteriorates 
more rapidly. 

Among other constituents, cobra venom 
contains albumin, pseudoglobulin, and a 
glucoside belonging to the saponin group.” 
In vitro it digests fibrin and gelatine” 
which may explain the decreases in tumor 
size seen in patients receiving the drug.!*.?? 4 


PHYSIOLOGICAL PROPERTIES 


It is not within the province of this 
communication to discuss all that is known 
of the pharmacodynamics of cobra venom. 
This information may be obtained in detail 
from excellent reports by Feldberg and 
Kellaway,!°" Guerrini,” Cicardo,* 


Macht,?? Koressios,” Korbler,”* and 
others 2.4.7,8,9,16 18 20 23 24 25 26 34 35 36 37 38 39,40 41, 


15 

The outstanding physiological charac- 
teristics of venom may be briefly summar- 
ized as follows: 

(a) In monkeys, early investigators de- 
scribed irreversible cellular changes in the 


brain and cord following intrathecal in- 
jections of the drug.” 

(b) Recently Feldberg Kella- 
way!’!12, and others demonstrated that 
injections of cobra venom were followed by 
the liberation of tissue histamine. 

(c) An enzyme, lecithinase, has been 
identified in cobra venom. This enzyme, 
acting upon lecithin, breaks it down to form 
lysocithin.”.” When used in perfusion ex- 
periments the latter produces definite de- 
generative tissue changes.’ 

The exact mode of action of cobra venom 
is unknown. Monaelesser and Taguet® re- 
cently suggested that its pain-relieving 
properties were due to the presence of 
lecithinase in the drug. Lecithinase, having 
a marked affinity for lecithin, might alter 
nerve conductivity by affecting the lecithin 
normally abundant in nervous tissue. This 
hypothesis has been substantiated by 
Cicardo® who found that the threshold of 
nerves to stimuli rose in the presence of 
cobra venom. Of added interest is the fact 
that the threshold of sensory nerves was 
affected before that of motor nerves. 

We have observed the relief of pain due 
to lesions in the spinal cord and thalamus 
following cobra venom injections. Pain of 
this type being central in origin, one might 
suggest that the beneficial effects of the 
drug are due to its action upon the central 
nervous system. In Macht’s opinion’ both 
cobra venom and morphine act upon the 
subcortical brain centers, the chief differ- 
ence being that morphine acts quickly and 
for a brief period, whereas cobra venom acts 
slowly over a longer interval. 

The local reactions to therapeutic injec 
tions of cobra venom are negligible.'’” 
There have been reports of an inflammator) 
reaction in the injected area which simu 


* From the Department of Radiology of the Hospital of the University of Pennsylvania. 
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lates fatal snake bite. In man a fatal snake 
bite® is rapidly followed by decreased 
local sensitivity. Anesthesia slowly extends 
throughout the entire body until weariness 
and sleepiness overcome the patients. Death 
ensues as the result of respiratory failure. 

What happens to cobra venom injected 
in man is unknown. We believe that a part, 
at least, is excreted into the gastro- 
intestinal tract because we have observed 
abdominal cramps, diarrhea, and a bad 
taste in the mouth in some of our patients 
receiving the drug. It is fair to state, how- 
ever, that part of these symptoms could be 
the result of a histamine reaction in the 
gastrointestinal tract.® 


DOSAGE 


The drug is supplied for clinical use in 
i cc. ampules containing 10 mouse units,” 
approximately equivalent to 0.1 mg. of the 
dried venom.* One mouse unit equals the 
amount of cobra venom which kills a 20-22 
gram mouse in twenty hours when injected 
intraperitoneally. 

The hemolytic properties of the older 
preparations seem to have been eliminated 
from the preparations now available for 
clinical use. Indeed, we have observed im- 
provement in red cell counts and hemo- 
globin during the period of treatment. In 
addition we have found nothing to suggest 
renal damage in the urine of these in- 
dividuals. 

As a rule the patient is given 0.5 cc. of 
the drug (5 mouse units) intramuscularly 
for the first dose. Whereas some authors”?** 
have advocated injecting the venom into or 
around the tumor, we have found ordinary 
intramuscular administrations to be equally 
effective. If no untoward reactions develop, 
such as abdominal cramps or diarrhea, the 
patient is given 1 cc. on the second day. 
Occasionally the pain becomes worse after 
the first few injections. This is no contra- 

idication to further use of the drug as the 
ain frequently disappears rapidly there- 
fter. The drug is administered daily in 1 


We are indebted to Hynson, Westcott, and Dunning for our 
ply of cobra venom. 
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to 1.5 cc. doses until the pain is completely 
relieved. In our experience this occurs by 
the time the fifth injection has been given. 
Occasionally lasting relief may follow the 
first few doses of the venom. In one instance 
the desired relief was not attained until the 
eighteenth day. Relief of pain having been 
obtained, the interval between injection is 
gradually lengthened until a maintenance 
dose is established." 

Determining the maintenance dose of 
cobra venom necessitates “feeling one’s 
way” much as one does in establishing the 
maintenance of digitalis in persons with 
heart disease. We have frequently kept pa- 
tients free of symptoms with one to three 
injections a week. Indeed one patient has 
learned to give herself injections of cobra 
venom just as diabetics administer their 
own insulin.* 

Some authors have advocated using 
much larger doses,” *!* giving six to eight 
times the amount referred to above. Start- 
ing with 3 cc. instead of 0.5 cc., these men 
rapidly increase the dose until the patient 
receives up to 8 cc. daily.” Nose-bleeds, 
psychic upsets, and gastrointestinal dis- 
turbances are frequently associated with 
such large doses. Though the lethal dose of 
cobra venom for man is estimated!*.*4 at 
15-20 mg., we have hesitated to follow the 
massive dose technique. Until more is 
known of the toxic effects of the drug, we 
prefer to err on the conservative side. 


UNTOWARD REACTIONS 


Untoward reactions to the intramuscular 
injection of cobra venom have been few in 
our experience. Local inflammation in the 
injected area, temporary exacerbations of 
pain, abdominal cramps, and diarrhea de- 
veloped in a few of our patients. In no in- 
stance was the reaction severe enough to 
warrant discontinuing the drug. Mild 
mental confusion and epistaxis have been 
reported by those using larger quantities 
than we employed. There is one patient on 
record who developed temporary radial 
palsy following the injection of large doses 
of the venom. 
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Total No. Definite Moderate Little or 
ot Cases Relief Relief No Relief — 
1933 | Monaelesser and Taguet® 115 “Nearly always improved” 
1934 Kérbler*! 2 100% 
1936 | Kirschen'® 23 18% 21.7% 61% 
1936 Macht® 105 36.2% 28 .6% 35.2% Selected series 
1938 Macht*™ 185 70% 10% Data incomplete 
1939 Rutherford® 17 50% 30% 20% Probably a selected 
series 
1939 Present series 21 53% 28% e/ 


INDICATIONS AND CONTRAINDICATIONS 


Since it is impossible to predict who will 
and who will not be benefited by the 
venom,!*:2 we have never refused to ad- 
minister it toa patient suffering from severe 
and constant pain. In our experience, the 
prolonged use of small doses of the drug 
(four months) has not been followed by 
toxic symptoms or evidence of addiction. 

Less is known concerning the contra- 
indications to cobra venom. Based upon 
animal experiments, it has been empirically 
stated that the drug should not be used in 
patients with severe liver or kidney damage 
and in patients with psychic disturbances.'® 

RESULTS 

Some of the results reported by others 
who have used the venom for pain are sum- 
marized in Table 1. 

We have treated 21 patients with pain 
due to cancer with cobra venom. Of this 
number, 11 had an excellent response (80 
per cent relief of pain or better). Six pa- 
tients had moderate relief of pain (50 to 
80 per cent relief). Four patients had little 
or no response to the drug. 

The following case summaries are pre- 
sented as they illustrate the type of patient 
treated and the result obtained. In addition 
they demonstrate the doses employed and 
the rate at which the drug was adminis- 
tered. 


Case 1. Excellent Result. Male, aged seventy, 
complained of pain along the distribution of 
both sciatic nerves secondary to a carcinoma of 
the rectosigmoid. Three grains of morphine 


daily did not control the pain. Cobra venom 
was employed as follows: 


Ist day 0.5 cc. Moderate relief 

2nd day 1.0 ce. Still further relief 

grd day'—'t.o ce. Morphine no longer needed 
4th day _ sterile hypo. Pain worse 

sth day 1.0 ce. Almost complete relief 

6th day 1.0 ce. Complete relief 


Daily injections continued to keep the pa- 
tient comfortable. When last heard from the 
drug had been stopped by the family physician 
who feared its constant use. 


Case i. Moderate Relief. Male, aged thirteen, 
complained of pain in the left thigh due to 
spinal cord metastasis from a cerebellar me- 


dulloblastoma. Cobra venom employed as 
follows: 

Ist day cc. Pain worse 

2nd day 0.75 cc. Pain worse 

3rd day 1.0 cc. Slight relief 

sth day 1.0 cc. Slight relief 

6th day 1.0 cc. Moderate relief 

8th day 1.0 cc. Pain slight now 

gth day 1.0 cc. Pain unchanged 

12th day 1.0 cc. Definite improvement 
1sth day 1.0 cc. Continued improvement 


One injection every two weeks kept this 
patient comfortable. 


SUMMARY 


Cobra venom has been used successfully 
in 50 to 70 per cent of the patients in whom 
it has been injected for the relief of pain. 
While it is too early to assign cobra venom 
to a permanent place as an analgesic 
agent, the evidence suggests that it ma\ 
prove to be of considerable value in the 
treatment of intractable pain. 
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THE ADVANTAGES OF ROENTGENOSCOPY AND 
ROENTGENOSCOPIC “SPOT” ROENTGENO- 
GRAMS IN THE DIAGNOSIS OF EARLY 

PULMONARY TUBERCULOSIS* 


By REUBEN H. STIEHM, M. D. 


MADISON, WISCONSIN 


6 be E statement that the roentgenoscopic 
examination is as efficient or more ef- 
ficient in finding early pulmonary lesions 
than the roentgenogram taken in the pos- 
teroanterior exposure either with single or 
stereoscopic films will be met with consider- 
able skepticism. The work of Fellows and 
Ordway,!' Reid,®:? and Hetherington and 
Flahiff,! indicates that roentgenoscopic 
examination is far superior to the physical 
examination in finding tuberculous lesions. 
In comparing roentgenoscopy with roent- 
genography, Fellows and Ordway* found 
that 87 per cent of the lesions discovered 
by the roentgengram were visible by roent- 
genoscopy. They indicate that their exam- 
inations were made under some definite 
physical handicaps, and we quote: “For 
instance, when the physical examination is 
finished the physician takes the person be- 
ing examined into an adjoining fluoroscopic 
room and within a minute or so begins the 
fluoroscopic examination. We do not have 
time to wait for perfect accommodation in 
the dark room because of the pressure of 
the work, and yet we have not found it 
feasible to have teams of particularly able 
examiners do the fluoroscopic work exclu- 
sively.” The lack of proper eye accommoda- 
tion, plus the personal factor of skill and 
training, probably offers sufficient reason 
why 13 per cent of the infiltrations found on 
the film were not discovered by roentgenos- 
copy. Fellows and Ordway do not indicate 
the type of lesion that escaped detection on 
oentgenoscopy or whether in any instance 
‘sions were found on roentgenoscopy that 
vere not discovered on the roentgenogram. 
'n our experience neither method is capable 


of finding all the existing lesions or abnor- 
malities. 

Hetherington and Flahiff,‘ not having 
the advantage of the Patterson “B” type 
screen, state in their conclusions, ““Tuber- 
culous infiltration limited to the apex of the 
lung above the clavicle is seldom recogniz- 
able by fluoroscopic examination.” 

Skepticism regarding the value of the 
roentgenoscope in finding early tuberculous 
lesions is further emphasized by a question- 
naire sent to twelve roentgenologists by 
Pohle, Paul and Beatty.’ The replies re- 
ceived indicated that the opinion is gener- 
ally held that the roentgenoscope cannot 
detect tuberculous lesions as early as the 
single or stereoscopic film, and that a large 
percentage of the lesions visible on the film 
would not be found by the roentgenoscopic 
examination. The low esteem in which the 
roentgenoscopic method of examination is 
generally held, compared to roentgenog- 
raphy, offers an explanation of why this 
method of study has been slow to be ac- 
cepted or its potentialities developed. 


DEVELOPMENT OF ROENTGENO- 
SCOPIC METHODS 


Beginning in 1933, all students attending 
the University of Wisconsin and positive to 
the Mantoux test have had made at the 
time of enrollment a single posteroanterior 
film of their chests. The importance of 
roentgen re-examination® of the infected 
individuals at regular intervals was appre- 
ciated, but the question of expense was also 
a necessary consideration. Though much 
skepticism was expressed as to the value of 
roentgenoscopy in finding the minimal tu- 


* From the Department of Student Health, University of Wisconsin. This work was made possible by grants from the Na 
i! Tuberculosis Association and the Wisconsin Alumni Research Foundation. 


871 


872 


berculous lesion, a machine was purchased 
in 1934, and roentgenoscopic examinations 
of all infected students have been made at 
intervals of from three to twenty months. 
In the five school years from 1934 to 1938, 
inclusive, a total of 43 active cases of tuber- 
culosis have developed subsequent to 
enrollment. Excluding 3 cases of pleurisy 
with effusion, 37 of 40 cases were found by 
roentgenoscopic examination while in the 
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Table 1. In this particular group, no apical 
or clavicular infiltrate visible on the film 
escaped detection by roentgenoscopic ex 
amination, and in § instances lesions not 
visible in these areas on the routine film 
were found by roentgenoscopy. In compar- 
ing the two methods of examination (Table 
1) it is evident that both methods fail to 
find all lesions or abnormalities. On the 
basis of the 423 examinations made, the 


TABLE | 


A COMPARISON OF ROENTGENOGRAPHIC AND ROENTGENOSCOPIC EXAMINATIONS 
MALES AND FEMALES 


Found by 


Description Both 
Methods 
Negative 293 
Calcium in the lungs and in the 
tracheobronchial lymph nodes 27 
Calcium in ___ tracheobronchial 
nodes only 36 
Calcium in lungs 30 
Hilar lymphadenopathy 2 
Apical and clavicular infiltrates 11 
Other infiltrates 6 
Apical pleuritis 14 
Azygos lobe 3 
Thickened interlobar fissure I 
ToraLs 423 


Roentgenogram Roentgenoscopy 
Found Missed Found Missed 

293 fe) 293 

24 3 26 I 

26 10* 26 10 

24 6 25 5 

2 fe) re) 2 

6 5 11 

5 I 6 

2 12 14 

3 3 

re) I 

385 38 405 i8 
or 
9° 96% 4% 


In 13 instances blood vessels were mistaken for Ghon tubercles on the film. Large adhesions to the dia- 
phragm were noted in only 2 instances on the film, compared to 12 on roentgenoscopy. Abnormalities of the 
bones were noted in 10 instances on the films compared to only 4 on roentgenoscopy. 

* Three were not visible on film because of position directly posterior to heart. 


minimal stage. During this five year period 
in the routine of doing daily roentgeno- 
scopic examinations and making compari- 
sons with single and stereoscopic films, the 
conviction arose that certain lesions of the 
lungs, notably those at the extreme apices 
and clavicular areas, did not show at all or 
to the same advantage on the film as on the 
fluoroscopic screen. 

To better compare roentgenoscopy with 
the single posteroanterior film, a group of 
423 consecutive cases, 228 men and 195 


women, received in the fall of 1938 the ad- 
vantage of both methods of examination. 
The results of this study are shown in 


single film in this study was gI per cent ef- 
ficient compared to 95.7 per cent for roent- 
genoscopy. From further analysis of the 
table it will be noted that 293 of the 423 
cases, or approximately 70 per cent, were 
negative by both examinations. Approxi- 
mately the same number of calcifications 
were found by both methods. The film has 
a distinct advantage when the calcifications 
are small and in the hila, for in 1 case of 
every 4 these small calcifications were not 
found by roentgenoscopic examination. Th 
area about the hilum is also difficult t 
examine with the roentgenoscope for 

fuzzy hilar shadow fades so impreceptibl: 
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into the lung structure that small enlarge- 
ments or abnormalities are sometimes diffi- 
cult to determine. 

A small percentage of individuals are not 


eligible for roentgenoscopic examinations of 


their lungs because of their large size. 
Where good penetration is not possible, an 
entirely satisfactory examination cannot be 
made, and the examiner must appreciate 
his limitations in examining these thick- 
chested individuals. Among students ap- 
proximately 2 per cent are not examined by 
roentgenoscopy on this account. 

Because the position of the individual is 
constantly being changed during the ex- 
amination, roentgenoscopy has a definite 
advantage over the roentgenogram in mak- 
ing visible small infiltrates at the extreme 
apices, in the clavicular areas, and at the 
lung periphery. This is true because small 
infiltrates in these areas are frequently 
covered by the bony framework of the 
chest. By maneuvering the patient in many 
positions these infiltrates are rather easily 
brought into view, 

Inspection of the average film taken on 
complete inspiration shows that the apices 
of the lungs are covered by the first and 
second ribs, and occasionally by the third. 
In some cases the clavicle completes the 
obstruction of the apex. Further inspection 
reveals that the periphery of the first ante- 
rior interspace or part of the apex is covered 
by the clavicle. This disadvantage of the 
film is emphasized in the long narrow chest, 
where the bones are large, and sometimes 
by the stooped position the patient has or 


assumes when the film is taken. Because of 


the overlying first and second ribs, apical 
pleuritis and subminimal apical lesions are 
frequently not visible on the film, and, as 
already stated, small lesions in the clavicu- 
lar region may be entirely covered by bones. 
‘his explains why small infiltrates are 
rarely overlooked on _ roentgenoscopy 
ugh frequently missed on the film. As 
ted in the table, roentgenoscopy was 
ind to be much more effective than the 
igle film in finding small apical, and cla- 
ular lesions. Likewise, thickening of the 
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apical pleura was much more frequently 
discernible on roentgenoscopy than on the 
film, because of overlying first and second 
ribs which so frequently obscure the ex- 
treme apices. 

Blood vessels simulating calcified tuber- 
cles are easily distinguishable by roentgeno- 
scopic examination, and diaphragmatic ad- 
hesions are also more easily demonstrated. 
On the other hand, abnormalities in bones 
are more frequently determined on the film. 


METHOD OF EXAMINATION 


The examiner should accommodate his 
eyes to darkness by wearing goggles before 
entering the roentgenoscopic room, and at 
all times when entering a lighted room be- 
tween examinations. He should arrange his 
schedule so that he can examine a specified 
group without often emerging from the 
roentgenoscopic room. The subject is ex- 
amined with the clothing removed to the 
waist, facing the roentgenoscope, with 
shoulders rotated forward, thus keeping 
the scapulae out of the lung fields. The en- 
tire thorax is first surveyed, noting any 
asymmetry. The neck is examined for cal- 
cified cervical lymph nodes. Any abnormal- 
ity of the bony framework is noted, such as 
the presence of cervical ribs, and structural 
defects of the ribs and spine. The movement 
of the ribs and diaphragm is then observed, 
search especially being made for localized 
limitation of motion, presence of adhesions 
and the obliteration of the costophrenic an- 
gles. The heart, aorta, mediastinum, and 
retrocardiac space are next examined in 
the posteroanterior, anteroposterior, right 
and left oblique, and lateral views, and 
abnormalities noted. The hilum is then 
studied and the extent of its outer bound- 
ary noted. It should not normally extend 
beyond the inner third of the pulmonic 
field. Examination of the hila is probabiy 
the most unsatisfactory part of the exami- 
nation, for though the hilum may appear 
“muddy” in certain parts, the density 
noted may not be sharply enough defined 
or sufficient in detail to tell definitely that it 
represents a calcified deposit. Distinction 
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between blood vessels on end and calcifica- 
tions slightly removed from the hilum is 
readily and easily made by rotating the 
patient. 

Finally the lung fields are examimed. 
With the shutters of the roentgenoscope 
wide open a general survey of the lungs is 
made. Any large infiltration is readily seen. 
With the shutter arranged to expose a 3 
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inch strip of lung, homologous parts of the 
two lungs are compared. Lesions are most 
easily brought into view by constantly 
turning the patient from side to side as the 
screen is slowly elevated and all parts of the 
lung are brought successively into view. 
The apices, clavicular, and subclavicular 
regions are closely inspected in all positions 
with the scapulae drawn both up and down, 
but always forward. Closer inspection of 
these important portions of the lung field 
should be done with the shutter of the dia- 
phragm so regulated that only small parts 


of the lung can be examined successively. 
The extreme apices can best be brought into 
view on deep expiration and by tilting the 
thorax either anteriorly or posteriorly. 

The entire routine is repeated while the 
patient faces the examiner. Since most in- 
filtrations are in the posterior part of the 
lung, they usually appear larger when the 
patient faces the examiner. 


ROENTGENOSCOPIC “spoT” 
ROENTGENOGRAMS 

Convinced by the experience of contin- 
ued use of the roentgenoscope of its advan- 
tages over the routine films,’ a method to 
prove this contention was sought. To for- 
tify and prove its advantage over the film, 
it was necessary that a permanent record of 
the image seen on the fluoroscopic screen be 
made available for comparison with the 
routine film. 

This was made possible by constructing 
a cassette holder which can be attached to 
the fluoroscopic screen. The cassette device 
(Fig. 1) is primarily a long narrow tunnel, 
the framework of which is constructed of 
wood, and completely covered with a sheet 
of lead, except for a 5” X 7” aperture 
through which the patient is “positioned” 
for the spot film. A second smaller frame 
holding the cassette was constructed to fit 
and move freely in the larger lead covered 
wooden frame. By means of the handle ex- 
tending from the upper edge of the frame 
(Fig. 1) the cassette is pushed into the 
5” X 7” aperture after the lesion is in posi- 
tion just before the film is to be taken. 

When not in use the cassette holder 1s 
suspended from the ceiling out of the exam- 
iner’s way. It hangs, counterbalanced by 
two pulleys attached to sash ‘weights, di- 
rectly over the fluoroscopic screen. After 
the lesion is spotted, the cassette holder is 
pulled down and attached rigidly to the 
screen. This firm attachment is made pos- 
sible by an inverted U-shaped metal chan- 
nel running along the upper posterior edge 
of the screen. By this arrangement none of 
the motility of the screen is lost though the 
field of vision is limited to the 5” & 7” lead- 
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free aperture. This aperture gives the exam- 
iner a final chance to view and adjust the 
position of the lesion before the cassette is 
slid into place and the film taken. This 
privilege is comparable to the final look the 
professional photographer takes before he 
finally releases the shutter of his camera. 

The roentgenoscope used is equipped 
with a Patterson ““B” type screen and the 
tube has a focal spot of 1.5 mm. The impor- 
tance of the screen, and especially the fine 
focal spot, should be stressed, for small 
lesions visible with a 1.5 mm. focal spot 
are sometimes not visible with a larger focal 
point. One big advantage of roentgeno- 
scopic spot roentgenography is its low cost. 
The small films may be purchased for ap- 
proximately one-eighth to one-sixth the 
price of the large 14” X 17” films. It is evi- 
dent that several films of the lesions may be 
taken in different positions at a cost of less 
than the single large film. With the passage 
of time and development of equipment ex- 
pecially designed for the type of chest study 
described, technical improvement should 
result in producing better spot films. 


A COMPARISON OF THE ROENTGENO- 
SCOPIC SPOT ROENTGENOGRAMS AND 
THE ROUTINE POSTERO- 
ANTERIOR FILM 


As already reported® certain lesions not 
visible on the routine roentgenogram are 
readily brought into view on the fluoro- 
scopic screen. The extent to which this is 
possible can be shown by comparing the 
routine and the roentgenoscopic spot roent- 
genograms. 

igure 2 illustrates a lesion which demon- 
strates the fallacy of complete reliance on 
the routine posteroanterior film to deter- 
mine whether or not an infiltrate is present. 
loeach interpretation of lung films as usu- 
a'ly reported should be added the reserva- 
tion—” as far as can be seen.”’ The film as 

erpreted by a competent roentgenologist 

s reported as follows: ‘‘There is a little 

nk accentuation in the right vertebral 

a. Otherwise negative.” The film showed 

more than the report indicated. Note, 
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however (Fig. 2), to what extent the lesion 
was visible by roentgenoscopy as indicated 
by the spot films taken in both anterior and 
posterior oblique views. Small lesions, in my 
experience, lying at the extreme lung apices 
the lung periphery, and under the clavicles 
and ribs are less likely to escape detection 
by roentgenoscopy than on the film. 
Figures 3 and 4 represent two submini- 
mal apical lesions with apical pleuritis not 
visible on either single or stereoscopic films. 
These cases illustrate how extremely small 
lesions are capable of being found by roent- 
genoscopic examination. Both escaped de- 
tection on routine films because of their 
positions at the lung apices. It has been 
found that in most instances lesions at the 
extreme lung apices can be seen to better 
advantage if the films are taken on com- 
plete expiration rather than on inspiration. 
Figure 5 illustrates to what extent an 
apical lesion, though visible on both single 
and stereoscopic films, can be shown in 
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greater detail and more exact position on 
the spot films. 

Figures 6, 7, 8 and g show clavicular in- 
filtrates which have escaped detection by 
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the routine roentgenogram or show to much 
better advantage on the roentgenoscopic 
“spot” film. The case represented in Figure 
6 is of special interest for, according to se- 
rial roentgen studies over a period of two 
years, the lesion was showing constant 
retrogression. Roentgenoscopy and spot 
films, however, showed that extension was 
occurring in another plane. Laboratory 
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studies were consistent with an active and 
progressive lesion. Figure 7 illustrates a 
clavicular lesion entirely obscured by the 
left clavicle, but clearly brought into view 
on roentgenoscopy as shown by the spot 
film. 

In Figure 8 is seen a shadow in the left 
first interspace interpreted as “‘suspicious’’ 
in the film. However, there can be no doubt 
of the presence of the lesion in the smaller 
spot films taken in both the anterior and 
posterior oblique views. Figure 9g shows an- 
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other clavicular lesion largely hidden by 
the clavicle. 


Figure 10 shows a routine film with le- terspaces. The lesion in the second inter- 
sions in both the right first and second in- space is well out in the periphery. Note to 


7 
8 78 Je NE, }41 
& 
4 
* 
G 
4 
| | 
; 
$4 
3 
4 
7 
4 
. 
4 
A 
; 
ig 
Fic. 12 
; 


VoL. 455 No. 6 


what extent the four spot films (Fig. 11) 
give additional information relative to the 
size, shape, extent, and character of the 
lesion. 


DETERMINATION OF CAVITATION 


Cavities, especially those thin walled, 
well out in the periphery, and located in 
the apical and clavicular regions, where 
they are often obscured by the bones in the 
routine films can be brought into view on 
the screen of the roentgenoscope. With the 
aid of the spot film device, a roentgeno- 
gram can be taken which shows the cavity 
to the best advantage, and on the spot film 
there is no question of its identity. 

In Figure 12 on the dates indicated and 
marked a, 4, c, and d, are roentgenograms 
taken on 14” X 17” films, but to conserve 
space show only part of the right lung. 
Though the presence of a cavity might be 
suspected in these films, there was no ques- 
tion of its presence in certain positions on 
the fluoroscopic screen. The cavity as it was 
seen in the anteroposterior oblique view by 
roentgenoscopy is shown in the spot films 
marked e and /. In the posteroanterior ob- 
lique views (spot films marked g and /) the 
cavity does not show to the same advantage 
as in the anteroposterior oblique, and rep- 
resents the same difficulty of definition 
encountered in the routine film, This par- 
ticular case illustrates an advantage of 
roentgenoscopy. By roentgenoscopy it is 
possible to place the walls of the cavity in 
the position in which they cast their densest 
shadow. Because it is probable that most 
cavities are not spherical the shadow cast 
by cavity walls is dependent on position. 
The advantage of position is usually obtain- 
able on roentgenoscopy. 

\nother instance of the difficulty of de- 
termining the presence of a cavity is illus- 
trated in Figure 13. Stereoscopic films 

arked 4 and B and interpreted by a com- 

tent roentgenologist failed to show 
ficient evidence to warrant an interpre- 
tion of the presence of a cavity. On roent- 
noscopy the cavity as it was noted both 
fore and after the stereoscopic films were 


Diagnosis of Early Pulmonary Tuberculosis 


13 


taken is shown in the spot films marked c, 
d and e. 


CONCLUSIONS 


1. A method for the diagnosis and de- 
tailed study of pulmonary lesions by means 
of roentgenoscopy with an attachment for 
spot roentgenography is described. 

2. The skepticism existing at present re- 
garding the limitations of the roentgenos- 
copy in making visible small parenchymal 
lesions is unwarranted. The opinion is held 
that in trained hands roentgenoscopy is 
more efficient in finding minimal lesions, 
especially of the parenchyma, than are sin- 
gle or stereoscopic films. The advantages of 
the described method are self-evident. 

3. The prediction is made that in the 
future adequate study of the lungs will not 
be considered concluded without a roent- 
genoscopic examination. 

4. “Spot” roentgenograms have a dis- 
tinct advantage over routine films because 
they may be taken from the position or 
positions to show the extent, location, and 
type of lesion to best advantage. 

I wish to express my appreciation to Mr. L. J. 


Dorschel for his assistance in constructing the cas- 
sette device. 


579 
- 
4 
as 
; 
é 
‘ 
% 


Reuben H. Stiehm Jone, 


REFERENCES 

Fe.tows, H. H. Value of fluoroscope in pulmo- 
nary tuberculosis case finding. 4m. 7. Pub. 
Health, 1935, 25, 109-112. 

Fe.tows, H. H., and Orpway, W. H. Value of 
routine fluoroscopic examinations of the chest 
among industrial employees. 4m. Rev. Tuberc., 
1928, 77, 201-203. 

Fettows, H. H., and Orpway, W. H. Fluoros- 
copy versus physical findings in detection of 
pulmonary tuberculosis. Nat. Tuberc. Ass. Tr., 
1937533» 51-53. 

Hetuerincton, H. W., and Franirr, E. W. 
Fluoroscopy in tuberculosis case-finding. 4m. 
Rev. Tuberc., 1933, 27, 71-80. 


. Ponte, E. A., Paut, L. W., and Bearry, S. R. 


Serial roentgen examinations of the chest in 
university students. Radiology, 1937, 28, 40-46. 

Rein, A. C. Value of fluoroscope as an adjunct to 
routine physical examination of the chest. 4m. 
Rev. Tuberc., 1929, 20, 46-51. 

Reip, A. C. Tuberculosis case-finding; five years’ 
experience with fluoroscopy. 4m. F. M. 8, 
1934, 788, 178-184. 


. StieuM, R. H. Review of a five-year tuberculosis 


program among University of Wisconsin stu- 
dents. 4m. F. M. Sc., 1939, 197, §17-533- 


. StienM, R. H. Fluoroscopy of the lungs. fournal- 


Lancet, 1939, 59, 122-125. 


880 
I. 
6. 


6 


A METHOD FOR THE LOCATION AND MEASURE- 
MENT OF INTRAPULMONARY CAVITIES 
AND FOREIGN BODIES 


By J. EMERSON NOLL, M.D., F.A.C.S.* 


Roentgenologist, St. Francis Hospital 
PORT JERVIS, NEW YORK 


6 ibs E work represented by this paper was 
stimulated by the repeated requests of 
the various attending physicians and sur- 
geons at routine Staff Meetings at the Otis- 
ville Sanatorium for more complete data 
concerning the location of pulmonary cavi- 
ties than was available by the routine 6 
foot projection and tomographic studies or- 
dinarily made. It has been further stimu- 
lated by the recent increase in the interest 
concerning and the use made of the Mon- 
aldi method of intercavitary drainage. It 
was thought that if intercavitary drainage 
is to play an increasingly important part 
in the treatment of giant cavities of the 
lung in Otisville, there should coexist with 
this relatively new technique a more com- 
plete and accurate study of the location and 
size of pulmonary cavities. Preliminary 
study of this subject has led to several con- 
clusions: 


The first of these is the conviction that the 
frontal projection, lateral projection, oblique 
projection, planigraphy, inspiration-expiration 
studies and lordotic apical projections now used 
routinely, still fail in a considerable percentage 
of cases to locate a cavity with sufficient accu- 
racy to permit plunging a trocar and cannula 
into the depth of that cavity with certainty. 
This difficulty obtains primarily in cases in 
which visualization has been made difficult by 
the introduction of air into the pleural cavity 
vith resulting encapsulated air pockets. 

The second observation is that magnified dis- 

rtion is the chief guide in roentgenoscopic 

amination of a cavity case as to the exact lo- 
tion of that cavity and that we seem to make 
ry little use of this fact in our roentgeno- 
iphic studies of cavities. It will be at once 
parent that when a patient with cavity is 
ntgenoscoped in the posteroanterior position, 
with the patient facing the fluoroscopic 


screen, if that cavity is in the anterior plane of 
the chest it will appear relatively small owing to 
its nearness to the screen, and when this same 
patient is turned slowly into the anteroposterior 
position, e.g., with the patient’s back to the 
screen, this cavity gradually increases in size 
under the examiner’s eyes, owing to the fact 
that it gradually gets farther away from the 
screen, thereby increasing its magnified distor- 
tion with the short focus ordinarily used in 
roentgenoscopy. When the size of the cavity 
undergoes no significant change as the patient 
is rotated from the posteroanterior to the an- 
teroposterior position under the roentgenoscope 
this is the guide to the fact that that cavity 
must be approximately in the center of the 
anteroposterior diameter of the chest. In other 
words, with the same patient and the same cav- 
ity two different size images are produced on the 
fluoroscopic screen depending upon the vari- 
able factor of magnified distortion, and the 
difference in size between these two images is 
directly proportional to the distance of the 
cavity from the center of the chest or from the 
skin surface. 


The work which follows makes use of this 
variable factor of magnified distortion in 
accurately measuring the location of a 
cavity within the lung. Our objective has 
been to discover a method for localizing 
the intrapulmonary cavity which is mathe- 
matically correct and yet is sufficiently 
simple to be practicable for every day use. 
Further study of the method to be pre- 
sented led to the conclusion that it may al- 
so be applied to foreign bodies. The method 
is simple but entails the application of a 
formula. It consists of taking an antero- 
posterior and a posteroanterior projection 
of a cavity, with standard Potter-Bucky 
technique, measuring the shadows of the 
cavity and applying these values to a 
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simple formula. The solution of the formu- 
la gives the depth of the cavity below skin 
level. 

Our procedures were as follows: For the 
purpose of reducing the factors to a mathe- 
matical equation we created a hypothetical 
situation, which is illustrated in Figure 1. 
Figure 1 is a diagram in which the vertical 


Fic. 1. K, diameter of cavity; 7, thickness of chest 
on which roentgen technique is based; D, 30” focal 
distance; a and 4, image of K in the two positions; 
X, distance from cavity to nearest chest wall; Y, 
distance from cavity to farthest chest wall plus 
table factor. 


line on the left represents a roentgen film. 
Line D represents the focal distance be- 
tween this film and the roentgen tube. Di- 
ameter JT represents the thickness of the 
patient’s body and, where Potter-Bucky 
technique is used, the distance from the top 
of the Potter-Bucky table to the film un- 
derneath the table is also included in this 
distance T. This latter distance, that is to 
say the distance from the top of the Potter- 
Bucky table to the film is hereinafter re- 
ferred to in this article as the table factor. 
The Potter-Bucky table used in this work 
had a table factor of 4 cm. The vertical 
diameter K, of which there are two, repre- 
sents the location of any cavity in both the 
anteroposterior and the posteroanterior po- 
sition, while X and Y represent the dis- 
tance of the film to the cavity in these two 
positions and a and 4 represent the shad- 
ows cast by the cavity while in these two 
positions. Shadow a being cast by the 
cavity when it is located farthest from the 
film, of course has more magnified distor- 
tion and is therefore larger, and shadow 4 
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being cast by the cavity when it is nearest 
the plate is smaller. It is possible, therefore, 
mathematically, to construct the following 
equation: 


K D-Y K=Da—aY 
D 
K D-X K=Db—bX 
D 
Da—aY=Db—bX or bX-—aY=Db—Da 
but X+Y=T 
and aX+aY=aT 
aX+b6X =aT+Déb—Da 
Ta+Db—Da 
a+b 
a+b 


Solving likewise for Y 
y Tb+ D(a—db) 
a+b 


By using the formulae developed from 
Figure 1 we have a situation in Figure 2 


Xs 
« D(a-t) + Tr 
atk 


Fic. 2. X in the equation represents the distanc 
from the cavity farthest from the film to th 
nearest skin distance. 


x- 
Y x 
D 
/ 
Y 
‘ 
x: Y 
Y x 
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which would be applicable to any case of 
pulmonary cavity in which D and T are 
known factors in the technique of the roent- 
gen exposures and a and #4 are found by 
measuring the shadows of the cavity on the 
anteroposterior and posteroanterior films, 
and therefore by simple substitution in this 
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formula we can calculate the value of X and 
Y and, as in Figure 1, they represent the 
distance from the film to the cavity in both 
the anteroposterior and posteroanterior po- 
sitions and their sum is therefore equal to 
the thickness of the chest plus the table 
factor. This formula is based essentially on 
the method of triangulation described by 
Kriedman, Michels and Rossitto‘ in 1935. 
We are therefore able to determine the dis- 
tance of the greatest diameter of the cavity 
in any chest from both the anterior and the 
posterior planes of the chest by the simple 
procedures of taking an anteroposterior and 
a posteroanterior projection of that cavity 
with the usual 30” Potter-Bucky technique, 
measuring the shadows of the cavity and 
substituting these values in a simple formu- 
la. 

The greatest diameter of this cavity can 
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easily be determined mathematically by re- 
verting again to Figure 1, because we are 
now able to supply values for the factors 
X and Y, which in the beginning were un- 
known. We could therefore solve the equa- 
tion for the remaining common factor K 
which represents the diameter of the cavity. 
However, this mathematical calculation 
might be somewhat cumbersome for every- 
day use and therefore I have reverted to 
the principle embodied in the Walton mag- 
nified distortion chart for pelvic mensura- 
tion. In order to adapt the Walton chart 
to the conditions of this technique, expo- 
sures were made of the Thoms perforated 
screen using a 30” Potter-Bucky distance 
and exposing films with this perforated 
screen at intervals of 5, 10, 15, and 20 cm. 
respectively, from the films. The magnified 
distortion shown in these roentgenograms 
was transferred to the Walton chart (Chart 
1). It will be noted from this chart that the 
greater the distance from the base line, the 
wider the spread of magnified distortion of 
the original centimeter distances marked 
on the base line. It now becomes possible 
by the simple application of a ruler to this 
chart to instantly determine the actual size 
of the cavity. If, for example, any cavity 
has been found to lie at a depth of 10 cm. 
and the image of that cavity at this depth 
measures 4 cm., then the ruler is laid on the 
10 cm. line and 4 cm. are marked off. This 
mark is projected down to the base line in 
the same relative position to the fan-shaped 
lines and the actual size of the cavity is 
read from the base line. This value will, of 
course, be smaller than the measurement 
of the cavity on the roentgenogram. This 
reading will apply to the greatest diameter 
of the cavity and does not take into ac- 
count any of its irregularities. We have, 
therefore, by two simple steps located the 
depth of a cavity in the body and the size 
of its greatest diameter. This same tech- 
nique may be applied to the lateral posi- 
tions of the body, in which case the depth 
of the cavity from the lateral chest wall is 
determined in exactly the same manner. 

In general, it is possible with this meth- 
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od to calculate the depth of a cavity from 
any given point on the surface of the chest 
by making two exposures of that cavity in 
opposite directions and determining the 
thickness of the patient’s chest in the plane 
of these exposures. It must be kept in mind 
that the value derived by the solution of 


Measurement 


the equation represents the distance from 
the greatest diameter of the cavity to the 
surface of the body and totally ignores any 
irregularity in shape, e.g., a diverticulum- 
like projection from the side of the cavity 
or a multilocular character of the cavity 
would be recognized by this equation only 
so far as it affects the total transverse diam- 
eter of that cavity. It is apparent, also, 
that the images of the cavity, small and 
large, on the two roentgenograms must be 
measured in the same plane, i.e., either 
both vertically or both transversely. This 
method would seem to have its greatest 
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value in determining the depth of the cav; 
ty in that type of chest in which there ar: 
technical difficulties in visualizing the cavi 
ty in the ordinary lateral and oblique pro- 
jection. It is conceivable that this method 
of localization will have a practical applica 
tion for objects other than pulmonary cavi- 


Cuart II 


Distance in cm. cavity 


Wal- 
. or foreign body to 
Case 
Diam- 
Antero- Solu- | eter 
posterior Lateral D 7 a b Formula ion Front Back R L 
P.A. | A.P. 
75§.7(4-1 —4.4) +21.7 K4.4 
‘7.9 26.9 | $3.9 4-4 4.1 X = 8.56 8.56 3.8 
4.1 4.4 I 
G.M. 
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16. 6 26 6.9 5.4 Y= 6.26 6.26 
6.7+5.4 Il 
A.l 
Foreign 
body 7§-7(1.3) +26 X5$.4 
4-9 Y= 19.73 15.73 4.85 
6.7 +5.4 
| 
7§.7( —1.1) +33.1 X4.1 
29.1 33.1 4.1 3.0| X= 7.38 7.38 
I 
2.7 G.M 
75.7(1.1) +33.1 X3.¢ Lat 
Y= 25.71 21.71 eral 


ties, such as foreign bodies sufficient in size 
to make a measurable image on the roent- 
genogram. 

Chart 11 illustrates the use of this method 
in three different types of cases. These were 
chosen out of many test cases to illustrate 
different applications of the method de- 
scribed. The first is an anteroposterior and 
posteroanterior projection through a pul- 
monary cavity. The second instance illus 
trates the use of this method through later- 
al projections of a pulmonary cavity and 
the third case illustrates its use for the lo- 
calization of a foreign body. It will be ob- 
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served in Case 1, G. N., that the actual 
measurements of the chest in anteroposteri- 
or and lateral projection are indicated as 
17.7 and 29.1 cm. respectively. D repre- 
sents the focal distance used, which is al- 
ways 30 in., or 75.7 cm. T represents the 
anteroposterior diameter of the chest plus 
the table factor of 4 cm. because Potter- 
Bucky technique was used throughout in 
this work. 4 and B respectively indicate 
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to the levels indicated by X and Y on the 
Walton chart, we determine that the diam- 
eter of this cavity is 3.8 cm. At the bottom 
of this chart, labeled Case 1, lateral, the 
same procedure is followed except that the 
projections are made laterally to the chest 
and the distances determined from the 
cavity tothe right and left chest walls. In 
Figure 4 the diameter of the cavity seen 
from this angle is 2.7 cm. Case 11, A. L., rep- 


Kic. 3. 4, anteroposterior projection; B, posteroanterior projection. 


the measurement of the shadow of the 
cavity as projected on the posteroanterior 
ind anteroposterior films. This is illustrated 
in Figure 3. These values have been sub- 
stituted in the formula for X and Y and 
their solution is indicated under the col- 
imns marked “Solution for X and Y.”’ The 
listance of this cavity to the back of the 
body is obviously the value which has been 
lerived for X and the distance of the cavity 
to the front of the body is the value which 
vas derived for Y minus the table factor. 
By application of the values for 4 and B 


resents the application of this formula to 
the determination of the depth of a foreign 
body. In this case a foreign body was fas- 
tened to the anterior chest wall and the pa- 
tient’s arm firmly strapped to the chest wall 
over the foreign body. The thickness of the 
body and the arm, under these conditions, 
was carefully measured as a control and 
found to be respectively 16 and 6 cm. (see 
Fig. 5). The value of T, therefore, becomes 
26, e.g. 16 plus 6 plus 4. The actual meas- 
urement of the foreign body itself, for con- 
trol purposes, is 4.9 cm. Measuring the two 


& 
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Fic. 4. 4, left lateral projection; B, right lateral projection. 


shadows of the foreign body gives a value 


of 6.7 plus 5.4 cm. for a plus 4. Substituting 
in the formula for X and Y we arrive at the 
conclusion that the distance of the foreign 
body is 6.25 cm. from the front of the body 
and 15.73 cm. from the posterior plane of 
the body. We already know that the actual 


Fic. 


measured distance is 6 cm. and 16 cm. By 
the application of the Walton chart we de- 
termine that the length of the foreign body 
is 4.85 cm. We have already measured it 
and found it to be 4.9 cm. We therefore con- 
clude that the calculations are within the 
usual limits of accuracy found in mensura- 


A, anteroposterior projection, arm over 


body; B, posteroanterior projection, arm under 


body. 
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tion based upon magnified distortion. 

This method has been applied to many 
cases in each of these three categories and 
approximately this same percentage of ac- 
curacy has been obtained throughout. In 
at least one case, in the large series of pul- 
monary cavities studied by this method, 
the cavity was definitely shown to be in the 
posterior pancake collapse of a pneumo- 
thorax and in this case location of the cavi- 
ty was extremely difficult or impossible 
from the ordinary tomographic lateral and 
oblique projections owing to a very unusual 
pocketing of gas in and about the collapsed 
lung. 

Certain inherent errors exist in this and 
all similar procedures. The first of these is 
the possibility of error in measuring the 
chest or other parts of the body. This will 
be in proportion to the care exercised in 
measuring the part and in the case of the 
chest any difference existing in the inspira- 
tional phase between that of measurement 
of the chest and the actual taking of the 
plates will introduce an error. The second 
error, which is largely theoretical, may be 
realized by referring to Figure 2. It will be 
evident that the rays which delineate the 
greatest diameter of the cavity or foreign 
body are tangential to that cavity or for- 
eign body at a different point on the cir- 
cumference of the cavity or foreign body in 
making image 4 than in making image B. 
This error is extremely slight and is rep- 
resented by the difference between the 
measured T and the computed values of X 
and Y in Chart 1, all other factors being 
equal. This has no practical significance. A 
third possible source of error lies in the 
measurement of the images of the cavity on 
the roentgenograms. It will be noted that 
the differences in value between the meas- 
ured image a and 2 is a small fraction of a 
‘entimeter and this slight difference is pro- 
lected mathematically into a final value of 

everal centimeters. This differential be- 
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tween a and 4 can be increased to a larger 
and more easily manageable difference by 
using a shorter focal distance than 75.7 cm., 
and the shorter the focal distance, the more 
accurate the measurement of the difference 
between a and 4 becomes. This focal dis- 
tance can be shortened indefinitely within 
the limits of practical roentgen technique 
for the demonstration of the cavity. The 
present studies have all been carried out at 
75.7 cm. focal distance because this is the 
10st commonly used focal distance with 
all Potter-Bucky tables, and it was prima- 
rily desired to determine the feasibility of 
this method with the ordinary everyday 
equipment existing in every hospital roent- 
gen department without radical change 
from routine procedures. 


CONCLUSIONS 


(1) A simple method has been presented 
for the quick measurement of the depth of 
a cavity or foreign body below the skin 
level. 

(2) The mathematical background for 
the method has been presented and the 
formula given. 

(3) The limitations of the method have 
been described. 


I wish to express my gratitude to Elwood Wilbur 
for his assistance with the mathematical equations. 
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EFFECTS OF ROENTGEN IRRADIATION AT LOW 
TEMPERATURE ON THE SKIN OF YOUNG RATS*} 


By TITUS CARR EVANS, Pu.D. 
Departments of Radiology and Zoology, State University of lowa 
IOWA CITY, IOWA 


Or OF THE difficulties in studying ef- 
fects of low temperature on radiation 
injury of mammalian tissue has been that of 
maintaining a constant low temperature. 
| became interested in a technique em- 
ployed by some of my associates in endo- 
crinology which was to prepare young rats 
for operation by chilling them with ice.f{ 
These baby rats (one to three days after 
birth) can be chilled very rapidly and com- 
pletely at o° C. and, if the exposure is not 
too long, they will recover without any ap- 
parent ill-effects. It was considered advisa- 
ble to determine whether such young rats 
at o° C, are more resistant to roentgen radi- 
ation than those irradiated at room temper- 
ature. 


MATERIALS AND METHODS 


The animals (only males were used) were 
chilled before the irradiation by placing them 
in a refrigerator at o° C. for about ten minutes. 
Snow was packed around them to keep the 
temperature low during the treatment. 

The radiation was produced by a Coolidge 
tube with mechanical rectification operated at 
130 kv. and § ma. The radiation was unfiltered 
(with the exception of 1 mm. of cardboard). The 
target distance was 27 cm. and the intensity 
was 135 r per minute (corrected to 0° C. and 
760 mm. pressure). Unless otherwise specified 
the dosage employed was 1,350 r. 


IRRADIATION OF SAME ANIMAL AT 
DIFFERENT TEMPERATURES 


In Experiment 1 a day old rat was placed at 
o° C. for ten minutes, then fastened to a sheet 
of lead with adhesive tape, and irradiated while 

tT It is a pleasure to acknowledge the cooperation of Professor 
Emil Witschi who supplied the animals from his rat colony, and 


I am also indebted to Dr. Witschi’s research assistants for their 
help in caring for the animals. 
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packed in snow. The snow was held in place at 
the sides and back by a celluloid soap-box 
cover. The animal was irradiated through a slit 
cut out of the lead. This was cut in the shape of 
the letter “C.”” Such a procedure of irradiating 
through a stencil served to yield a visible skin 
reaction (loss of hair), the degree of which could 
be estimated by the distinctness of the letter 
produced. It also served to give a localized 
histological injury. After the irradiation at 0° C. 
the animal was allowed to regain its activity by 
placing it at 30° C. for ten minutes. It was then 
irradiated through an “‘H” cut in the lead at 
room temperature. Moist cotton was substi- 
tuted for the snow of the previous experiment. 
The second region irradiated was well below 
that of the first treatment. 

The irradiated regions were clearly marked 
by their respective letters ““C” and ‘“‘H” when 
examined six days later. The ““H” was much 
more distinct than the “C” and only the skin 
of ““H” was scaly in appearance. When exam- 
ined ten days after the irradiation the animal 
had just been killed by the mother but the body 
was still intact. The ““H” at this time showed 
extensive sloughing and was quite deeply im- 
pressed in the skin. The “C”’ was much lighter 
and was even less distinct at this time than 
when examined previously. The greater injury 
of the ‘“‘H” area was even more evident in the 
microscopic preparations. The skin of each ir- 
radiated region (along with some adjacent un- 
treated skin) was fixed in Bouin’s fixative, 
sectioned at 10 microns, and stained (some with 
Delafield’s hematoxylin and eosin, some with 
iron hematoxylin and some with Mallory’s 
triple connective tissue stain).§ The greater 
resistance of the skin irradiated while cold ‘s 
quite evident as shown in Figure 1. In this 
figure, a is of a section of skin from the region 
irradiated at o° C. and little or no injury can 


§ The writer was ably assisted in this phase of the investigation 
by Dr. W. A. Robbie. 

* Aided by a grant from the Committee on Radiation of the National Research Council and by the Rockefeller Foundation F\ 
for Research on the Physiology of the Cell. 

t I wish to express my gratitude to Dr. H. D. Kerr who suggested this type of investigation and to Professor J. H. Bodine who 
also helped in many ways to make this report possible. 
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be seen. The skin irradiated at 26° C., however, 
shows extreme injury (Fig. 14). There has been 
excessive desquamation and the skin is quite 
thin. The epidermis is thickened and some of 
the cells show signs of injury. The hair is en- 
tirely missing in the irradiated region (central 
portion) and fibrous tissue is abundant. 
Experiment 11 was a duplication of Experi- 
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tained. Experiment Iv was designed to de- 
termine whether the sequence of the “H” 
and the “‘C”’ exposure would affect the results. 
Rat 1 of this experiment was irradiated first 
through the “H” at 27° C. and then later 
through the “C”’ at o° C. Rat 2 was irradiated 
cold first and at room temperature later. In both 
cases the “H” was much deeper than the 


Fic. 1. Sections of skin from the animal 
of Experiment 1. The region irradiated 
at o° C, is shown in a, and 2 is of the 
region irradiated at room temperature. 


''1G, 2. Photographs of rats one week after irradiation. Note that the ““H” markings of the animals irradiated 


at room temperature (¢ and c) are stronger than the “C 


ment I with the exception that in this case the 
it was two days of age when irradiated. The 
‘ross results were similar to those of the first 
xperiment. No microscopic preparations were 
nade of this animal as it was killed and eaten 
y the mother soon after an examination was 
ade on the seventh day following the treat- 
ent. 
Experiment 111 had to be discarded as the 
imal died before any results could be ob- 


” 


of those irradiated at o° C. (4 and d). 


“C.” The animals were irradiated on the left 
side through the ““H” and on the right side 
through the “C.” It was interesting to note 
that on the right side, at the time of the ex- 
amination, the ““H” produced by the radiation 
which penetrated through from the other side 
was stronger than the “C”’ resulting from the 
full dosage. 

The results of this first series of experiments 
indicate that a region of skin irradiated at 0° C, 


& 
a bd 
AS | 
| ae 
* 
i 


Fic. 3. Rat a was irradiated with a dosage of 1,380 r 
at o° C., and rat 4 was exposed to only g20 r at 
room temperature. Animal ¢ was irradiated with 
g20 r at o° C. and d was treated with the same 
dosage at room temperature. Rat e was exposed 
to 1,160 r at o° C., and / was irradiated with same 
dosage at room temperature. 


is injured less than another region of the same 
animal irradiated at room temperature. 


IRRADIATION OF LITTER-MATES, UNDER 
DIFFERENT TEMPERATURE CONDI- 
TIONS, AT THE SAME TIME 

In these experiments one animal was taped 
below the “H” and irradiated at room tempera- 
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ture. Another rat was chilled, packed in snow 
and irradiated at the same time under the “C.” 
In some experiments another rat was irradiated 
later at o° C. to check possible variations due 
to individual susceptibility or irradiation tech- 
nique. In all of these experiments the radiation 
injury of the rats irradiated at 0° C. was much 
less marked than that of those irradiated at 
room temperature. 

In Experiment v the rats were three days of 
age when irradiated and were examined seven 
days later. The “H” at this time was much 
more distinct than the “C” as shown in a and 
4 of Figure 2. The same procedure as above was 
followed in Experiment vi and similar results 
were obtained (c and d of Fig. 2). 


Fic. 4. Experiment 1x. The two photographs are of 
the same rats taken under different conditions of 
lighting arrangements. Note that the injured are:s 
of rats 4 and d (irradiated at room temperatu! 
are much more prominent than those of rats @ a! 

c which were treated at o° C. 
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In Experiment vit rats were irradiated on the 
third day after birth with a dosage of 1,840 r. 
This heavier dosage produced a more marked 
injury to the animal irradiated at room tem- 
perature but the injured region of the animal 
irradiated at 0° C. was still very indistinct. 
Experiment vu was planned to estimate the 
amount of radiation represented by the greater 
resistance of the skin irradiated at 0° C. A 
three day old animal was irradiated with a 


G. §. The rats of a, c, and e were irradiated at 
C. Those of 4, d and f were treated at room 
temperature, 
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Fic. 6. Rats a and ¢ were irradiated at 0° C. Note 
the marked injury of 4 which was irradiated at 
room temperature. The opposite side of the same 
animals are shown in d, e and f. The animals of g 
and A were irradiated at 0° C. whereas that of 
was treated at room temperature. 


dosage of 920 r at 27° C., another was given 
920 r at o° C. and a third rat was exposed to 


1,380 r at o° C. At the time of the examination 


the ““C” produced by 1,380 r appeared to be 
about the same as the “‘H”’ in distinctness, but 
microscopic examination indicated that its 
injury was much less marked (a and 4 of Fig. 3). 
Therefore, it appears that this difference due 
to the low temperature treatment must be 
equivalent to more than 460 roentgens. 

In Experiment 1x two rats were irradiated 
through the stencils and two others were 
treated through a portal 8X9 mm. The gross 
results are shown in Figure 4. These two photo- 
graphs are of the same animals under different 
arrangements of light. Rat @ was irradiated 
through the portal at o° C. and it can be seen 
that the injury is much less prominent than 
that of rat 4 which was treated with the same 
amount of radiation at room temperature. Like- 
wise, the injury of the ““C”’ region (rat c) is less 
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marked than that of the “H”’ (rat @). Figure 3c 
is of a section of skin from the “C” region of the 
rat irradiated at o° C. There is no definite sign 
of injury except for a slight thickening of the 
epidermis. The injury produced by the same 
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same amount of radiation at 28° C. is shown in 
Figure 3f. 

In Experiment x, rats were irradiated five 
days after birth and were examined eleven days 
later. The “‘H” of the animal irradiated at room 


Fic. 7. Animal a was irradiated three different times at o° C. Animal 4 was treated at room temperature. 
Animal c is a control (unirradiated). Sections of skin from the above animals are shown in d, e and /. 


amount of irradiation on the animal at 28° C. 
is shown in Figure 3d. This section shows 
thickening of the epidermis, a definite loss of 
hair follicles and some fibrosis. Figure 3e is a 
section of skin from the animal irradiated 
through the portal at 0° C. The skin appears to 
be unaffected except for possible thickening of 
the epidermis. The injury produced by the 


” 


temperature was much plainer than the “C 
of the one treated while cold. As shown in a and 
b of Figure 5 the histological examination also 
reveals the greater resistance of the skin at the 
low temperature. 

Experiment x11 will be discussed later. The 
animals shown in Figure 6, a-/, are of Exper- 
ment x11. These animals were irradiated on the 
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second day after birth with a dosage of 1,380 r. 
Animals a and c were at 0° C. when irradiated 
whereas rat 4 was treated at room temperature. 
It is quite evident that the injury to rat @ is 
much greater than either of those irradiated 
while cold. These animals were irradiated on 
the left side but enough of the radiation pene- 
trated through the body to affect the skin on 
the right side. Figure 6d is of the right side of 
the same animal shown in a, and the injury is so 
slight as to not appear in the photograph. The 
“H,” however, of rat e (right side of 4) is quite 
prominent. Whereas the “C” of animal / is 
visible it is not as strong as that of the rat ir- 
radiated at room temperature. The histological 
injury of the rat shown in ¢ is limited to a 
thickening of the epidermis and a slight epila- 
tion (Fig. $c). Figure $d shows the injury to the 
skin of the litter-mate irradiated at room tem- 
perature. This section reveals marked hyper- 
plasia of the epidermis, extreme desquamation, 
complete epilation, and extensive fibrosis. The 
extreme injury shown in this section and also 
in Figure 14 is no doubt related to the early age 
of the rats at the time of the irradiation. 

In Experiment xiv a rat was irradiated at 
room temperature and two others were treated 
at o° C. The hair over the irradiated regions of 
the ““C” animals is seen to be sparse (g and / of 
Fig. 6) but that of the “H”’ (7 of Fig. 6) is com- 
pletely gone. Figure $e is of a section of skin 
through the irradiated region of one of the 
animals treated at 0° C. and it can be seen that 
the injury was not extensive. The histological 
injury produced by the irradiation at room 
temperature is shown in Figure §/, and definite 
thickening of the epidermis, epilation, and 
fibrosis is to be observed. Sections were made of 
the other animal irradiated at o° C. and they 
also failed to show marked injury. It may be 
concluded from this series of experiments that 
whereas the greatest difference between the 
njury produced at o° C. and at room tempera- 

ure is evident in one and two day old rats, it 
lso exists in experiments with animals three 

d five days of age when irradiated. It is ap- 

irent that the difference due to the change in 

mperature is greater than could be accounted 
by individual variation and experimental 
IRRADIATION OF ENTIRE ANIMALS 
AT INTERVALS 

xperiment x11 was designed to determine 

ther the difference in irradiation effect at 
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low and high temperatures would be affected 
by giving several treatments instead of one. It 
was necessary to irradiate the entire animal in 
this experiment as it was practically impossible 
to repeat an irradiation exactly on such a small 
area as that of the lead stencil. The animals 
were given a dosage of 365 r on three different 
days for a total of 1,104 r on the whole body. 
The results of the experiment are shown in 
Figure 7. It can be seen that the animal ir- 
radiated at 0° C., a, is as large as the control, c, 
and the hair is almost as thick. The rat ir- 
radiated at room temperature, 4, is much smal- 
ler than either of the others and the hair is 
practically all missing. The sections also reveal 
marked injury to the skin irradiated at room 
temperature with only a slight amount to that 
DISCUSSION 


It is possible that the finding reported 
here is of practical as well as of theoretical 
interest. If results such as reported here for 
young rats are found to be true also for hu- 
man tissues, the advantages in protecting 
certain regions during therapy treatment 
will be significant. 

Krom a theoretical standpoint this inves- 
tigation must be considered as another in- 
stance where low temperature has been 
found to reduce the radiosensitivity of cells. 
Several investigators have reported that or- 
ganisms irradiated at low temperatures are 
more resistant than those at high tempera- 
tures (Holthusen,® Politzer,* Strangeways 
and Fell,’ Packard’). Ancel,! Ancel and 
Vintemberger,? and several others, have re- 
ported failure to find increased resistance 
to irradiation at low temperature. Carty’ 
has cited several instances where vascular 
as well as thermal changes have been found 
to affect the amount of radiation injury to 
such mammalian tissues as inguinal node, 
testicle, and ovary of rabbit, human skin, 
guinea pig skin and virulent rat tumors. The 
problem of metabolic rate and radiosensi- 
tivity is a complex one and the reader is 
referred to a paper by Henshaw and Fran- 
cis’ for some experiments dealing with this 
question, and for a review of the literature 
with an analysis of the problems involved. 
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SENSITOMETRY OF ROENTGEN FILM AND INTER- 
PRETATION OF SENSITOMETRIC DATA 


By GEORGE C. HENNY, MLS., M.D. 


Departments of Radiology and Physics, Temple University, School of Medicine 
PHILADELPHIA, PENNSYLVANIA 


PART I. PRACTICAL CONSIDERATIONS 


Subject: Calibration and comparison of roent- 
gen films. 

Method: Five different makes of roentgen 
film were exposed in an identical manner behind 
the rotating logarithmic step shutter to roent- 
gen rays from the roentgenographic tube which 
was operated on “constant potential.” Tech- 
nical factors were 70 kv. average, 1.0 ma., 2 
mm. aluminum filter, 250 cm., 6 seconds. 
Routine type of intensifying screens. Films were 
developed in fresh Eastman developer for 5 
minutes at 65° F. 


Results: 


Relative 


Roentgens 
Speed, Ex- Contrast 
Density posure Number Fog 
Kilm duce > * 
Produced Factor 
Density 
by 
0.0049 r 
0.0058 1.01 1.19 0.52 0.14 
B 0.0060 0.97 0.51 0.14 
( 0.0071 0.89 1.45 0.49 0.18 
D 0.0049 1.20 0.62 0.10 
0.0050 1.18 1.02 0.64 0.10 


* Exposure factor is the factor by which exposure time of the 
fastest film (in this case D) must be multiplied to get the same 
ickening (density 1.2) as that of the fastest film. 


HE above sensitometric roentgen film 
report was recently submitted to Dr. 
Chamberlain by his physicist. Dr. Cham- 
berlain was using film E in his routine 
roentgenography and therefore felt assured 
that he was obtaining the highest contrast 
ind the maximum detail which were pos- 
ble out of the films tested. Had he been 
sing film B, for example, he would have 
id further tests made with other batches 
films. If all tests pointed in the same 
irection then he would have changed the 
ake of film that he was using in his rou- 
ne work. Different kinds of intensifying 
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screens were tested in a similar manner and 
the best screen to use with film E was found. 
The question may now come to mind, how 
do we know that tests of this sort furnish 
information which makes it possible for us 
to get the greatest detail in a roentgeno- 
gram? This question will be discussed 
below. 

The silver image of a roentgenogram is 
produced by the development of the latent 
image.* The latent image is a result of the 
action of the fluoroscent light from the in- 
tensifying screens (and of the roentgen 
rays themselves to a lesser degree) on the 
sensitive emulsion of the roentgen film. 
The silver image can vary over a wide range 
with changes in the roentgen rays, intensi- 
fying screens, film emulsion or processing 
of the film. By means of a sensitometric 
study of the best film-screen and develop- 
ing combination the roentgen technical 
factors may be determined to obtain the 
optimum detail in a roentgenogram. Sensi- 
tometry in its broadest sense is concerned 
not only with the sensitivity of the photo- 
graphic material but with other properties 
as well. Some of these other properties are 
the quantitative measurement of charac- 
teristic responses of the film to varying 
amounts of roentgen rays (contrast) and 
a quantitative study of the action of de- 
velopers (and the rest of the film processing) 
in converting the latent image into a 
visible image. 

The qualities of roentgenographic film 
which are of most concern to the roent- 
genologist are the speed, the contrast and 
the latitude. 

Speed. By the speed of a roentgen film 
is meant the degree of blackening produced 

* A latent image is the invisible chemical or physical change 
which occurs in the film emulsion after exposure and before de- 


velopment. It corresponds to the darkened parts of the com- 
pletely processed film.'8 
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in the finished film by a given roentgen-ray 
exposure. The blackening is a combination 
of the effects of the roentgen rays, the in- 
tensifying screens and of the development. 
For example, if a “fast” type of developer 
is employed and the films are developed for 
six minutes instead of the usual five minutes 
the effective speed of a film might be in- 
creased by 100 per cent over what it was 
with a “slow” developer. This means that 
under the new conditions of development 
the roentgen-ray exposure time could be 
cut in half and the films would be as dark 
as they were before. From roentgen sensito- 
metric tests a numerical value indicating 
the film speed under both conditions of 
development could be obtained. Their 
numerical values or speeds would differ by 
100 per cent in this case. Such a gain in 
speed would be of great value to the roent- 
genologist provided the quality of the 
roentgenogram did not suffer due to the 
new developing methods. 

Contrast. The quality or detail shown by 

the roentgenogram depends to a large ex- 
tent on the contrast which is present. 
Apparent photographic contrast may be 
defined as the difference in photographic 
density between two areas of an exposed 
and processed film when it is evenly illumi- 
nated on one side and observed from the 
other. Wilsey,” in a paper on contrast in 
roentgenography, said: 
Just how plainly any detail will stand out de- 
pends primarily upon how much the contrast 
between it and the background or surrounding 
area exceeds the minimum difference which the 
eye can perceive. Since contrast is the basic 
factor controlling the visibility of details, a 
clear understanding of its nature and the factors 
affecting it is important in order to produce 
radiographs that will provide maximum diag- 
nostic information. 


Having determined the speed and con- 
trast number of a series of films the best 
one for a given purpose may be selected. 
Further test films may be developed in dif- 
ferent kinds of developers, for different 
lengths of time, etc., and from the speed 
and contrast numbers the optimum condi- 
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tions for producing the highest quality 
roentgenogram may be ascertained. 

Latitude. The latitude of a roentgeno- 
graphic film is the exposure range over 
which the film shows satisfactory detail of 
the roentgen-ray shadow. If on a single 
roentgenogram of the chest the lung fields 
are exposed so as to show good diagnostic 
detail and at the same time the vertebral 
bodies show well through the cardiac 
shadow then the film would be said to have 
a great deal of latitude. If, on the other 
hand, when the lung fields are properly 
exposed for diagnostic purposes and the 
vertebral bodies are so underexposed that 
they can scarcely be seen at all through the 
cardiac shadow then the film has a much 
smaller latitude. Of necessity, the first film 
must exhibit low contrast and the second 
high contrast. The latitude then is seen to 
be an inverse function of the contrast. The 
latitude of a given film after specified de- 
velopment can be obtained from sensito- 
metric studies. However, the roentgenolo- 
gist must decide whether he wants high 
contrast or great latitude in his films and if 
he decides in favor of high contrast then 
the determination of latitude for him is of 
secondary importance. 

In some sensitometric methods the re- 
sults are interpreted directly by inspection 
of the processed film. Sometimes results 
can be obtained very quickly this way but 
more complete and more reliable informa- 
tion may be obtained by measuring photo- 
graphic densities and analyzing the meas- 
urements. 


PART II, THEORETICAL CONSIDERATIONS 
In the quantitative sensitometric testing 
of roentgenographic film four fundamental 
steps are followed: (1) a series of known 
roentgen-ray exposures is made on the film 
(with or without intensifying screens), (2) 
the exposed film is processed in a given 
manner, (3) the resulting photographic 
densities are measured and (4) the data are 
plotted and interpreted. At this point 
should be mentioned that due to unavoi 


able variations in the emulsion sensitivit 


to slight variations in “identically” exposed 
films, to small differences in development 
and to other factors, two test films which 
were supposed to have been given the same 
treatment will probably come out with 
somewhat different densities. For this 
reason it is important in accurate sensito- 
metric work to expose more than one film 
for each test and then to average the densi- 
ties for a mean value. 

Exposure of the Film. When making 
sensitometric tests it is desirable to expose 
the film under conditions similar to those 
used in making a roentgenogram. If this is 
not done errors may occur in judging film 
characteristics from these tests. With the 
high milliamperage and short exposure time 
used in roentgenography it is very difficult 
to obtain exact quantitative sensitometric 
data. This is because any slight error in the 
timer makes a large percentage error in the 
exposure, a variation in line voltage at 
the instant of the exposure can neither be 
anticipated nor easily corrected for, and the 
resulting roentgen-ray beam is so hetero- 
geneous in character that it is difficult to 
measure it accurately. For these reasons a 
method is commonly used in which the 
roentgen-ray technical factors differ from 
those employed in roentgenography but 
the quantity and quality of the roentgen 
rays reaching the film at each point are 
known. For example, a simple method for 
exposing a film is to interpose between the 
tube and the film to be tested, a rotating 
sector wheel such as that used by Bell! or 
by Jones" for photographic sensitometry. 
In our own work a rotating shutter has 
been used such as shown in Figure 14. This 

hutter is rotated at a constant speed for 
ill exposures by a small synchronous 

phonograph) motor. The segments have 
een cut out of one-eighth inch lead sheet 

1 such a way that each step (or ring) re- 

elves 80 per cent of the roentgen rays 

‘aching the step outside it. The film to be 

sted is placed directly behind the shutter 

nd at a convenient distance from the 
entgen tube (e.g., 250 cm.). With the 
lutter rotating and the desired filter in 
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place the tube is energized for the desired 
exposure. We set the tube current ac- 
curately at I.o ma. and run it constantly at 
the desired kilovoltage (e.g., 70 kv. con- 
stant potential). The roentgen-ray exposure 
is then made by opening and closing a Jead 
shutter. Exposure time may vary from 3 


Fic. 14. Plan of the lead shutter which rotates about 
the axis O (perpendicular to the plane of the 
paper). The shutter is cut from 1/8 inch lead sheet 
and is stiffened by a sheet of aluminum. The sec- 
tions have been cut out so that when the shutter 
rotates and a roentgen-ray exposure is made, a 
series of concentric rings is produced on the film 
as shown in Figure 1B. Each ring, progressing in- 
ward, receives 80 per cent of the roentgen rays 
falling on the outer ring next to it. The exposures 
therefore vary logarithmically and the device is 
called a rotating logarithmic step shutter. 


seconds with intensifying screens to 90 
seconds without them, depending upon the 
characteristics of the screens and films. The 
next film to be tested is then put in place 
of the first one (and therefore in exactly 
the same position in the roentgen beam) 
and given exactly the same roentgen ex- 
posure. Since the fluorescence (speed) of an 
intensifying screen varies considerably with 
temperature, all tests should be carried on 
with the cassette at the same temperature. 
There results a series of roentgen exposures 
(Fig. 1B) in which the total exposure time 
changes in a definite and known manner 
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from area to area of the exposed film, cor- 
responding to the angular openings of the 
sector wheel. The quality of the radiation 
remains constant for all exposures. This 
method is desirable because of these fea- 


tures. 

The objection may be raised that the 
conditions are not similar to those under 
which a roentgenogram is made. (1) The 


Fic. 1B. Roentgen film exposed behind the rotating 
logarithmic step shutter shown in Figure 14. Ex- 
posures vary as described in the legend of Figure 
14. The white band across the center is the 
roentgen-ray shadow of the metal strip which sup- 
ports the bearings of the shutter. 


intensity of the roentgen rays is less than 
that used in most roentgenograms. Low 
intensity is necessary in making the tests 
to permit obliteration of shadows of moving 
shutter edges and to allow more accurate 
exposure timing. (2) The quality of the 
roentgen rays reaching different parts of 
the film changes from point to point in a 
roentgenogram. (3) The exposure for a 
roentgenogram is continuous (that is, 120 
pulses per second for a full wave rectified 
machine) for the given time, while for the 
sector wheel it is broken up into a series of 
flashes (in our case 16 per second). The 
latter type of exposure may produce a dif- 
ferent amount of blackening of the film 
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(especially with intensifying screens) due 
to the intermittency effect.22 One con- 
tinuous exposure produces, in general, a 
greater blackening of the film than a series 
of exposures of equal total time. (For exam- 
ple ten one second exposures may produce 
less blackening than one ten second ex- 
posure of the same intensity.) Additional 
testing is therefore necessary to establish 
the correlation of data obtained with the 
sector wheel shutter and that obtained with 
routine roentgenographic technique. We 
have made such tests and have found an 
intermittency effect when _ intensifying 
screens were used but for practical com- 
parisons between films the correlation is 
satisfactory. 

Webb" has shown that if the speed of 
rotation of the sector wheel exceeds a cer- 
tain critical value (about 16 flashes per 
second), the photographic effect through 
any aperture of the sector is the same as 
that of the continuous exposure of the same 
average intensity applied for the same time. 
In his experiments exposures of /ight (wave 
length 4360 A) were used with both nega- 
tive and positive photographic emulsions. 
Bell,' using roentgen rays and films without 
intensifying screens, found no evidence of 
intermittency effect when roentgen rays 
excited by constant and by pulsating volt- 
ages were compared. 

To do away with any possible intermit- 
tency effect, the lead sector wheel is some- 
times rotated slowly for one revolution. 
Another arrangement accomplishing the 
same result consists of a reinforced lead 
plate with slots accurately milled out from 
I mm. to I meter in length (the intermedi- 
ate steps being cut out on a logarithmic 
ratio). This slotted plate runs on a track or 
trolley at a constant but adjustable speed 
past the cassette. The exposure is made 
while the shutter is in motion, the cassette 
being entirely protected at the beginning 
and at the end of the travel. This type of 
shutter has been used by Jones!” for photo 
graphic sensitometry. 

The aluminum step ladder has been ad 
vocated by White?’ and others? because | 


me 
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such tests the conditions are nearly identi- 
cal to those under which a clinical roent- 
genogram is made. Furthermore, as has 
been shown by Hodge, e¢ a/.,° the spectral 
absorption of aluminum parallels that of 
bone. Of course, there is considerable dif- 
ference when soft tissues are involved. In 
the method used by White a ladder ranging 
from } to 1 inch in thickness in steps of } 
inch is placed upon the film. Three roentgen 
exposures of the ladder are made in such a 
way that the exposure of each differs by a 
factor of two in intensity only. The condi- 
tions of exposure, therefore, are nearly 
identical to those of clinical roentgenog- 
raphy. Due to the heterogeneous radiation 
the numerical values obtained from alumi- 
num absorption will not apply to all 
machines. By assuming that areas of the 
same film have received equal exposures 
when the resulting densities are equal, after 
the film has been uniformly processed, it is 
possible to determine in arbitrary roentgens 
how much roentgen ray falls on each step 
of the film. From these data a density- 
exposure curve may be drawn. But areas of 
equal density have not necessarily re- 
ceived an equal number of roentgens, since 
the quality of the rays through various 
thicknesses of aluminum changes from step 
to step and the sensitivity of the film is not 
the same for all qualities of roentgen rays, 
particularly when intensifying screens are 
used. In spite of the above objection, the 
aluminum step ladder method is very use- 
ful for comparing different makes of film, 
the effects of various methods of processing, 
etc. 

Processing of the Film. After the roentgen 
film has been given a series of defined ex- 
posures, it is developed under standardized 
onditions. High accuracy in standard de- 
velopment is very difficult to attain. To 
btain the same degree of development of 
lms in two or more laboratories is still 
iore difficult. 

The difficulty of standardization of de- 
elopment arises largely from two factors. 
n the first place the potency of the de- 
eloper varies with its temperature and its 
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chemical composition (its formula and the 
impurities in the water used in mixing the 
formula). These factors may be taken care 
of by calibrating the developer as described 
in previous papers.*:? For calibration in 
sensitometry several film calibration strips 
should be developed simultaneously and 
the average density of each step used as the 
working value. In the second place the de- 
gree of development may vary from point 
to point on a single film due to the weakened 
developer diffusing from above downward 
over the emulsion surface.” As a result of 
this action the lower part of an exposed 
film is less developed than the upper part. 
To combat the latter effect elaborate 
methods of stirring and of applying the 
developer to the film have been devised. 
The developer may be continuously spread 
over the film by means of wide soft brushes. 
With the double emulsion of roentgen films 
it is difficult to use brushes. Where the 
conditions are such that practically full de- 
velopment of the image is produced in the 
normal developing time, errors from this 
source are greatly diminished. Good results 
for routine tests may be obtained by care- 
fully mixing fresh developer from ready 
measured chemicals supplied for this pur- 
pose by a reliable manufacturer. The solu- 
tion is allowed to stand for at least twenty- 
four hours and is brought to a given 
temperature (65° F.). (Solutions used im- 
mediately after mixing are sometimes not 
uniform in their action.) The film is then 
allowed to hang in this solution for a given 
time and is quickly washed and placed in 
the fixing bath. If a strip of film is used it is 
mounted in the hanger so that the length 
is horizontal. From the fixing bath it is 
washed and dried in the usual manner. 

Measurement of Photographic Density. 
The finished film is placed on the densi- 
or photometer” and the 
density* of each area is measured. We meas- 
ure corresponding areas on the film which 

* A simple explanation of the physicist’s method of expressing 
the density of a roentgen film: 

1. Let us assume a film has such a degree of blackness that 


when light of intensity 1.0( =») falls upon it, the transmitted light 
( =J,) has an intensity of 0.1 (in other words, nine-tenths of the 
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are in contact with identical areas of the 
intensifying screens. In this way-differences 
in intensification factor over the surfaces 
of the intensifying screens are minimized 
and corresponding areas of the roentgen- 
ray field are used in each case. Furthermore, 
differences in development resulting from 
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data is to plot the density against the ex- 
posure in roentgens (or arbitrary roentgens 
if the step ladder method is used). This has 
been done in Figure 2 in which films 1 and 
11 were exposed equally to roentgen rays at 
70 kv. constant potential, 2 mm. aluminum 
filter, with intensifying screens, but 1 was 
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Fic. 4. Reproduction of a figure from Wilsey’s article. Ratios of roentgen-ray intensity are plotted as ab- 
scissae and the varying degrees of resultant blackening as perceived by the eye as ordinates. 4, tor a 
roentgenogram of moderate contrast; B, for a roentgenogram of high contrast. 


weakened developer diffusing from above 
downward are largely compensated for be- 
cause all films are placed in the developing 
tank with the corresponding ends upward. 
\fter the densities are measured the re- 
sulting values must be analyzed. Interpre- 
tation and analysis are often facilitated by 
plotting the data in graphic form. 

Plotting the Characteristic Curves. One 
way to study graphically the sensitometric 


lent light is absorbed by the film). The physicist records the 
sity of such a film as D =1.0 (D =logiolo/J; =logis 10 =1). 
If now another piece of the same film is superposed upon the 

t, the emergent light will be 1/100 of the incident beam instead 
10, because the degree of blackness in the particular film is, 

tated above, such that each layer of it cuts incident light down 
10. The first layer reduces light to 1/10 of its original value 
the second layer reduces it to 1/10 of 1/10 or 1/100. In the 
sicist’s formula for density, J; (transmitted light) is 1/10 of 
ncident light) and therefore he records the density as D =2. 

logieZ I, =log 100 =2). 

Hurter and Driffield® stated that the density is directly propor- 
al to the mass of silver per unit of the processed film. More 
ntly Sheppard and Ballard'* have shown that there is con- 
rable variation in the ratio of silver to density, depending on 
nh exposure and degree of development. 


developed the normal time while 1 was 
developed half of this time. For reasons 
given below, data are not usually plotted in 
this way. Instead, the density is plotted 
against the logarithm (base 10) of the ex- 
posure, as in Figure 3. The data from the 
curves of Figure 2 were used in Figure 3. 
It will be noted that the toes of the curves 
in Figure 3 are not as steep as those in 
Figure 2 and that there is more nearly a 
straight line portion at the medium and 
higher densities in Figure 3. These proper- 
ties have advantages when the curves are 
analyzed. 

A type of logarithmic plotting has been 
illustrated by Wilsey,” as shown in Figure 
4. The photographic blackening produced 
by each intensity as judged by the eye in 
viewing the roentgenogram as a whole 
(apparent blackening) is represented by 
the height of the column. A curve drawn 
through the centers of the steps would be 
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an apparent density vs. logarithm exposure 
curve or a D,—log E curve. 

Another way to plot the data of sensi- 
tometric studies in which a step ladder has 
been employed is to plot the thicknesses of 
the ladder as abscissae and the densities 
as ordinates. This is not a truly logarithmic 
curve since each successive step absorbs a 
smaller proportion of roentgen rays than 
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Fic. 5. Bronkhorst’s method? of plotting contrast 
against thickness in millimeters of aluminum step 
ladder penetrated by the roentgen rays. Zo is the 
basic or greatest density produced on the film 
(zero aluminum) less the processing fog. Z, is the 
density of the film under the selected step of the 
test ladder. 


the one before it because of the hardening 
effect on the roentgen rays as the ladder 
material is traversed. Bronkhorst? plots 
what he terms “‘Kontrast” against thick- 
ness of aluminum (Fig. 5). He defines 
““Kontrast” as (Z)—Z,). Zo is the basic 
density, that is, the greatest density (zero 
aluminum) less the processing fog. Z, repre- 
sents the densities of shadows of steps of 
the test ladder. This is practically the 
density curve mentioned above, but re- 
versed, since in this case for the smaller 
thicknesses of aluminum the curves are 
lowest instead of highest. 

The logarithmic curve, which is char- 
acteristic of roentgen film emulsions, has a 
rounding toe at the lower densities, be- 


George C. Henny 


June, 1941 


comes a straight line (or nearly so) for a 
considerable range along the middle densi- 
ties and tapers off at the higher densities to 
a maximum density. The maximum density 
is obtained when all of the silver in the 
emulsion contributes to the blackening. 
The straight portion in such a curve, in 
photography, is called the “region of cor- 
rect exposure” since throughout this expo- 
sure range, density is directly proportional 
to log E. In a photograph the negative will 
thus render correctly the proportional ob- 
ject brightness when the exposure is 
adjusted to be within this range. In diag- 
nostic roentgenograms it is desirable to 
emphasize small differences in roentgen-ray 
opacity as much as possible. This is ac- 
complished when the contrast is highest 
and, as will be shown below, this occurs at 
the steepest part of the D-log EF curve. 
From the shape of the curve it will be seen 
in general that the straight line part is also 
the steepest part and that the roentgeno- 
graphic exposure should lie within this 
range. 

The roentgenogram is studied visually 
and therefore the density range should be 
that for which the unaided eye can best 
detect small differences in density. For 
chest roentgenograms under ordinary view- 
ing conditions this density range for a 
person with normal vision lies between 0.5 
and 1.5. Any areas of the film which are 
under suspicion should lie within this range. 
In a chest roentgenogram, however, there 
are relatively large areas of low density in 
the heart and diaphragm shadows and the 
illumination through these impairs the 
ability of the eye to readily distinguish de- 
tail in the areas of density above 1.5. In 
types of roentgenograms which contain no 
areas of low density, the upper limit of 
density for good visualization probably ap- 
proaches 2.0. Bronkhorst? states that for 
best viewing conditions a basic density 
within the object shadow of about 1.2 
should be obtained. This makes it possible 
for the observer to perceive smaller differ- 
ences clearly and accurately. Characteristic 
or D-log E curves of roentgen film show 


that this density range (0.5—1.2) falls on the 
toe and at the beginning of the straight line 
portion of the curve. Measurements made 
only along the straight portion of the curve 
do not represent fully the conditions usually 
found in roentgenograms. 

Correction for Fog. When studying the 
characteristics of a film emulsion it is cus- 
tomary to make a correction for fog. Fog 
may be considered as any density which 
arises from sources other than the roentgen- 
ray exposure in the sensitometer. It may 
be due to chemical processes involved in 
making the emulsion (or acting on it after 
it is made and before it is used), to uninten- 
tional light or roentgen-ray exposure at any 
time during the handling of the material, to 
mechanical effects or to fogging agents in 
the developer. Hurter and Driffield® (in 
photographic sensitometry) made a cor- 
rection for fog by measuring the density of 
an unexposed area which had been sub- 
jected to the same development as the 
sensitometric strip to which the correction 
was to be applied. They then subtracted 
this value from all of the measured densi- 
ties. Subsequent experimental work has 
shown that the fog overlying the lower 
densities is appreciably higher than that 
overlying the higher densities and there- 
for this procedure may lead to very errone- 
ous conclusions as to the sensitometric 
characteristics of the material. Wilsey™ has 
proposed a formula which theoretically 
should give good results but which was not 
intended for practical sensitometric testing. 

Krom the roentgenologist’s point of view 
it may be of importance to correct for film 
fog when determining the speed of the 
film. If this is not done an inferior film with 
excessive inherent fog would appear to be 
‘aster than a similar but better film without 

g. As far as contrast is concerned, exces- 

e fog is very detrimental. By measuring 

ie film densities as they are (that is with 

e fog), a truer picture of the roentgeno- 

aphic contrast is obtained. 

Interpretation of the Plotted Data. It is 

xt necessary to determine from the 

iphs what the characteristics of the film 
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will be when used in making roentgeno- 
grams. From a practical point of view the 
characteristics which are of most concern 
to the roentgenologist may be called the 
speed, the contrast and the latitude. 

The response (blackening) of the film 
may be recorded numerically in at least two 
ways. One of these is to record the photo- 
graphic density resulting from a roentgen- 
ray exposure of given amount. When such 
numerical values of density (of different 
films) are compared, the relative merits of 
the films are obtained but the difference in 
roentgen-ray exposure required to produce 
equal densities is not known. Therefore if 
one film is to be used in place of another, 
the correction factor for exposure cannot be 
obtained. The other method of recording 
speed overcomes this objection. In this 
method the number of roentgens of a given 
quality of radiation required to produce an 
arbitrary density, say 1.2, is found. When 
the speeds are recorded in this manner the 
relative exposures required to produce the 
same darkness of film are readily obtained. 
If films are to be compared as to merit the 
fog must be taken into account, as de- 
scribed above. 

It must be kept in mind that the film 
with the smallest numerical value (r) is the 
fastest. Speeds as given by this method are 
comparable only for roentgen rays of the 
same quality. This is illustrated by the fact 
that one film which was tested with in- 
tensifying screens on constant potential 
roentgen rays required 0.0058 r at 70 kv. 
with a 2 mm. aluminum filter to produce a 
density of 1.2 while the same film and 
screens required 0.0244 r to produce that 
density at 40 kv. and no filter. It has been 
shown that a large part of this apparent 
difference in speed is due to the fact that 
the bakelite and front intensifying screen in 
the testing cassette absorb a proportion- 
ately greater amount of the 4o kv. roentgen 
rays than of the 70 kv. roentgen rays. 

When the sensitometric data are plotted 
as in Figure 2 with densities as ordinates 
and exposures (r) as abscissae or as in 
Figure 3 with log E as abscissae then by 
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inspection the highest curve (the one to the 
left) represents the fastest or most sensitive 
film. 

For a more technical study of the physi- 
cal characteristics of emulsions the speed 
is usually expressed in a different manner. 
Use is made of the term “inertia” which 
may best be explained by reference to 
Figure 3 showing a typical density—log E 
curve of a roentgen film with intensifying 
screens. In this case the density of the 
processed film is plotted against the loga- 
rithm of 1000 times the exposure in roent- 
gens. The toe of curve 1 lies between 4 and 
B. At B the curve straightens out and if it 
had been carried far enough up it would 
flatten out to reach a maximum density of 
perhaps 6.0 (depending on the develop- 
ment).** Increase in exposure beyond this 
point would not increase the resulting den- 
sity. If the straight portion of this curve is 
extended down to reach the log (1000 £) 
axis it will intercept it at some point i 
(log (1000 E)=0.26). The value of E (in 
this case 0.0018 r) at this point is called the 
inertia, i. Since a material of high sensi- 
tivity (a “fast” film) has a low inertia 
value, and vice versa, it is necessary to take 
the reciprocal of the inertia in order to ob- 
tain a value which varies directly with sen- 
sitivity. The absolute values obtained by 
doing this may be inconvenient numbers so 
a constant &, chosen arbitrarily so as to 
give a series of convenient numbers, is 
sometimes used as a multiplier. The speed 
determined in this way may be defined as 


The shape and position of the character- 
istic curve depend on the development con- 
ditions as is illustrated by curve 1 of 
Figure 3, in which the film was given one- 
half the development time of film 1. In this 
case both the straight line portions of the 
curves when extended happen to intersect 
the log (1000 £) axis at 7. Therefore, the 
speed expressed in terms of inertia is the 
same for both cases. In general, this is cer- 
tainly not the case as the straight lines ex- 
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tended may also intersect above or belvw 
the log E axis. However, the value of thie 
speed thus obtained indicates more near, 
the characteristic of the emulsion itself and 
is therefore used in emulsion research. For 
practical roentgenography, however, it is 
obvious that the film developed the shorter 
time would appear lighter and would there- 
fore appear to be slower. 

Contrast. Contrast is the difference in 
photographic density between two areas of 
a processed film. If the density of one area 
is D, and that of another area which is less 
dense is D2 then the contrast between the 
two areas is D,—Dsz. If J, is the intensity 
of light incident upon the film and /, 
is the intensity of the transmitted light 
through area No. 1, then the density is 
D,=logiolo//:. Likewise for area No. 2, 
D2=logiolo//2. Then 
contrast between area No. 1 and No. 2. 
Just how small a difference in density or 
contrast in a roentgenogram is perceptible 
depends upon the conditions under which 
the roentgenogram is viewed and the 
character of the transition between the 
areas being studied. If this transition is 
represented by a sharp boundary between 
two adjacent areas then the difference is 
more readily observed than if one area 
gradually fades into the other. Under the 
best conditions of illumination, and with 
sharp boundaries, Wilsey estimates that 
the minimum difference in density which 
can be seen is about 0.01, which corre- 
sponds to a difference in brightness of about 
3 per cent. 

In testing roentgen films it is desirable to 
determine the ability of the film to dis- 
tinguish between small differences in ex- 
posure. A film which produces relatively 
large differences in density for small 
changes in exposure would be said to have 
high contrast or to be a contrasty film. The 
word “contrast” used in this sense refers to 
a characteristic of the film emulsion. The 
contrast of an emulsion of course depends 
also upon the processing. How then can tiie 
contrast or the ability of a film to distin- 
guish small differences in exposure be ex- 
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pressed in convenient form so that two or 
more films can be compared? 

Referring to Figure 2 it is seen that for 
film No. 1 at density 1.0 a change in roent- 
gen rays of 0.001 r produces a change in 


density of 0.16 whereas for film No. 1 a 
change in roentgen rays of the same amount 
changes the density only by 0.02. This is 
equivalent to saying that at density 1.0 the 
slope of curve I is greater in this proportion 
than that of curve u. The contrast under 
the conditions of curve 1 (full development) 
might be expected therefore to be greater 
than under the conditions of curve 11 (half 
time development). In this case it is indeed 
found to be true, but when the sensito- 
metric data are plotted in this manner (in- 
stead of in the manner of Fig. 3) the con- 
clusion cannot be drawn in general, that 
around any particular density the steeper 
curve represents the film which will produce 
the roentgenogram with the highest con- 
trast nor that curves of equal slope produce 
equal contrast. This is because the speed of 
the film must be taken into account as can 
be shown by the following example. Con- 
sider a case in which there is a moderately 
opaque nodule surrounded by homogeneous 
tissue. In roentgenographing this part as- 
sume that the nodule plus the surrounding 
or overlying tissue absorbs 87.5 per cent 
(or 7/8) of the roentgen rays passing 
through it, and that the surrounding tissue 
only, absorbs 75 per cent (or 6/8) of the 
incident roentgen rays. What will be the 
difference in density or the contrast be. 
tween the nodule and the surrounding area? 
lf an exposure is made such that the den- 
sity on the film of the surrounding tissue 
shall be 1.2, then for film 1 0.007 r must 
ich the film (or 0.028 r is incident on the 
body, neglecting the inverse square law). 
‘he roentgen rays passing through the 
ly and the nodule is therefore 12.5 per 
it (or 4) of 0.028 r or 0.0035 r and the 
isity shown on the film is 0.60. The con- 
st between the two is therefore 1.2 —0.60 
.60. 
Now consider that a second film is used 
lace of No. 1 and that the characteristic 
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curve of this film is as shown in curve 111. 
The latter curve is a hypothetical curve and 
was obtained merely by shifting curve 1 to 
the right. It thus represents a slower emul- 
sion. The two curves are seen to be parallel 
(tangents drawn at equal densities are 
parallel). At first sight the conclusion might 
be made that the contrast as shown on the 
roentgenogram would be the same since 
equal increments of exposure produce equal 
changes in density. This is not the case for 
to get a density of 1.2 for the surrounding 
tissue with film 111, 0.0095 r will be required 
at the film. Therefore 0.038 r (that is 
40.0095 r) must be incident on the body 
of the patient. Then 12.5 per cent (or }) 
of 0.038 r or 0.00475 r will pass through the 
patient and the nodule, to produce a den- 
sity of only 0.26. The contrast between the 
nodule and its surrounding tissue in this 
case is 1.2—0.26 or 0.94. Thus the contrast 
shown by film 11 is considerably greater 
than that shown by film 1 although the 
slopes at equal densities are the same. This 
discrepancy arises from the fact that it is 
incorrect, when data are plotted in this 
form, to assume that the contrast is propor- 
tional to the slope. It can be shown ana- 
lytically that if the tangents of such curves 
(over the density range under considera- 
tion) pass through the origin (0.0), the con- 
trast produced by the films will be the 
same, regardless of the slope. This is be- 
cause the speeds of the films differ. If the 
tangents drawn at a given density are par- 
allel the one farthest to the right (the slow- 
est film) will produce the highest contrast. 

A Simple Method of Expressing Contrast. 
From the sensitometric data as illustrated 
in Figure 2 (or the data obtainable from 
Fig. 3) it is possible to define a “contrast 


number” which will indicate the relative 
contrast merits of the films tested. This 
may be defined as follows: 

Contrast Number =D,—D, 
where D,=an arbitrary density (1.2 is a 


practical value) which is produced by a 
known amount of roentgen radiation. The 
amount of roentgen rays to produce D, is 
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found from the density-exposure curve. 
D,=the density produced by 3 of the 
roentgen radiation required to produce D). 
This is also found from the density-expo- 
sure curve. 

If the density D,, about which the con- 
trast number is to be figured, is 1.2 then 
the contrast number is given by: 


Contrast Number =1.2—D, 


where D, is the density produced by 3 of 
the roentgen radiation required to produce 


Taste | 

Density : 
Roentgen | } Roentgen | (D,) for Con- 
D,* Rays for Rays for |} Roent- wraee 
dD, dD, gen Rays Num- 
for D, ber 
0.8 0.0046 r 0.0023 r 0.30 0.50 
0.9 0.0052 0.0026 ©. 36 0.54 
1.0 0.0057 0.00285 0.42 0.58 
0.0064 © .0032 0.59 
1.2 © .0070 0.0035 0.60 0.60 
0.0080 © .0040 0.68 0.62 
1.4 © .0088 0.0044 0.64 
0.0098 0.0049 0.86 0.64 
1.6 0.0108 0.0054 0.96 0.64 
2.0 0.0170 0.0085 1.36 0.64 
2.4 0.0275 0.01375 1.82 0.58 
2.8 © .0440 0.0220 3.22 0.58 


* D, =the density about which the contrast is measured. 


a density of 1.2. For example, in curve 1 
of Figure 2 an exposure of 0.007 r is re- 
quired to produce a density of 1.2. One- 
half of this much roentgen radiation 
(0.0035 r) produces a density of 0.60. The 
contrast number is therefore: C.N.=1.2 
—0.60=0.60. A density of 1.2 is about that 
found in the lateral lung field of an average 
adult chest roentgenogram.'® The den- 
sity on the same roentgenogram in the area 
where the clavicle and first rib overlap is 
about 0.52. If this film had the character- 
istics of curve 1 (Fig. 2), it is seen that the 
difference in roentgen rays required to pro- 
duce such a change in density is 0.007 r 
—0.0033 r or a difference of roughly one- 
half. The contrast number as computed 
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above is therefore representative of roent- 
genographic conditions. 

It is interesting to determine the varia- 
tion of the contrast number with the basic 
density chosen. This would indicate at 
which basic density the roentgenogram 
should give the highest physical contrast, 
(The highest physical contrast does not 
necessarily mean the highest visual con- 
trast because when the film is observed, the 
lighting conditions on both sides of the 
film, the color of the viewing light, and the 
individual’s eyes must be taken into con- 
sideration.) Using the method described 
above, Table 1 is obtained from curve 1 of 
Figure 2. 


It will be seen that as D, increases the 
contrast number at first increases, stays at 
a maximum over a considerable range and 
then decreases. It approaches zero as the 
maximum density attainable by the film is 
reached. 

Under many conditions of viewing roent- 
genograms, small differences in densities 
cannot be distinguished if the areas under 
consideration have densities greater than 
1.5. By increasing the illumination this may 
be raised to about 2.1. In most roentgeno- 
grams it would be possible to increase the 
contrast, and therefore the detail by in- 
creasing the exposure to a basic density of 
1.8. The illumination would then be in- 
creased to correspond (i.e., about twice the 
intensity of illumination). In this case it 
would be even more essential to cut out the 
glare from any portion of the viewing box 
surface which is not covered by the film. 

Another method of expressing the con- 
trast of the emulsion has been used princi- 
pally in photography and, to a degree, in 
roentgen-ray sensitometry. This makes use 
of the slope of the D-log E curve, as in 
Figure 3. For the straight line portion the 
slope is constant and may conveniently be 
expressed by the angle “‘a’”’ subtended by 
this line and the log E axis. The tangent of 
this angle is called gamma and is the pro- 
portionality factor giving the relation be- 
tween a given log £ difference and the cor 


responding density difference. It is pro- 
portional to the contrast and is usually 
used as a means of expressing the contrast 
of a photographic emulsion. It must be re- 
membered that gamma gives information 
pertaining only to the straight line portion 
of the curve and tells nothing of the con- 
trast characteristics of other portions of the 
D-log E curve. Also the angle “a” cannot 
be read directly off the curve unless the 
coordinates have been plotted to the proper 
scale. 

The slope of the D-log E curve is pro- 
portional to the contrast of the film emul- 
sion independent of the speed. The curve 
having the steepest slope represents the 
film which will produce the highest roent- 
genographic contrast. 

Latitude. \.atitude may be determined 
graphically directly from the plotted 
curves. In Figure 3 curve 1, the latitude is 
from about log (1000 £)=0.44 or E= 
0.00275 r (density =0.4) to more than log 
(1000 FE) =1.6 or E=o.04r (density = 2.7). 
For practical purposes the latitude would 
be less than this because under ordinary 
conditions the eye cannot detect small den- 
sity differences above a density of about 
1.8. For film 1 of Figure 3 this is given by 
log (1000 £)=1.14 or E=0.0138 r. Lati- 
tude may be expressed in the form of the 
ratio of the maximum to the minimum ex- 
posure giving satisfactory contrast under 
ordinary viewing conditions. Difficulty 
arises due to the fact that these points are 
not definite. In the examples given above 
the latitude of film 1 as shown in Figure 3 is 

4/0.00275=14.5 and the latitude for 
ordinary diagnostic work is 0.0138/0.00275 

5.0. 

Since the useful diagnostic range of a 
film lies between fairly definite density 
limits it becomes evident that the higher 
contrast of a film the less its exposure 
ititude. Therefore if the part to be roent- 
e nographed has a wide spread of total 
t'-sue densities there is danger, when a very 

trasty film is used, of losing visibility of 
tails rendered in the lower and higher 
isity levels. Contrast is lost in the lower 
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densities because of the characteristic re- 
sponse of the film emulsion. It is lost in the 
higher densities because the ordinary illu- 
mination used in viewing the film does not 
allow the eye to distinguish existing physi- 
cal differences. It remains true, however, 
that to obtain maximum detail of a given 
anatomical part or pathological lesion the 
most contrasty film should be used and the 
roentgen-ray exposure adjusted to bring 
this area within the diagnostic range of 
density. This requires accurate technique in 
exposing and in developing the film. 


SUMMARY 


In Part I practical considerations of 
roentgen-ray sensitometry are discussed 
and the points of most interest to the roent- 
genologist are outlined. 

In Part II the theoretical aspects of 
roentgen-ray sensitometry and the inter- 
pretation of sensitometric data are con- 
sidered. It is concluded that a rotating 
sector wheel of the type described gives re- 
sults within the limits of accuracy required 
for the routine testing of roentgenographic 
films and of intensifying screens. Uniform 
film processing is a difficult problem and 
one of great importance in sensitometric 
work. Development of film strips placed in 
fresh developer with the length horizontal 
and developed without agitation is satis- 
factory. Average densities of several “‘iden- 
tical” strips should be obtained. For inter- 
pretation of the sensitometric data directly 
from a graph the best method is to plot 
photographic density against logarithm of 
exposure. A method of expressing film 
speed, contrast, and latitude by numerical 
values is explained. The film having the 
highest contrast number, when expressed 
in this way, is the film capable of showing 
the smallest differences in roentgenographic 
opacity. The relationship between roent- 
genographic detail and contrast is brought 
out. 
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A COMPARISON OF CERTAIN ASPECTS OF 200 AND 
400 KILOVOLT RADIATION 


By C. C. McCLURE, M.D. 


Associate Professor of Radiology, Vanderbilt University Hospital 
NASHVILLE, TENNESSEE 


BEAM of radiation emitted by the tar- 
get of a roentgen tube is composed 
of roentgen rays of many different wave 
lengths. The minimum or shortest wave 
length, that is, the hardest or most pene- 
trating portion of the beam, is a function 
of the maximum voltage between the target 
and the filament of the roentgen tube. The 
intensity of this portion which contains the 
shortest wave length is, however, practical- 
ly zero. The intensity of the radiation at 
other wave lengths is not simply deter- 
mined, but depends on the material from 
which the target is constructed, the filter 
utilized, and the wave form of the voltage 
which is effective in drawing the electrons 
from the filament to the target, the last 
two factors being the most important. 
The most efficient practical method of 
describing the quality of such an hetero- 
geneous beam is by means of an absorption 
curve made by interposing filters in the 
path of the rays and measuring the succes- 
sive decreases in ionization. A curve made 
in this manner may then be compared with 
standard absorption curves and the equiva- 
lent constant potential of the beam deter- 
mined.’ The quality may also be described 
by stating the absorption coefficient, the 
effective wave length (the wave length of a 
monochromatic beam of radiation which 
would be absorbed in the same manner in a 
given filter) or the half-value layer (thick- 
ness of filter necessary to decrease the beam 
o one-half of the original intensity). These 
‘ast three methods described are useful in 
any cases, but have been shown to give 
nbiguous results.® 
lt is a well known fact that roentgen 
ys, on passing through an absorbing ma- 
rial such as tissue, become ‘“‘softened”’; 
at is, the percentage of the longer wave 
ngth components is increased. This “‘sof- 
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tening” is due largely to the Compton 
effect, which is the name given the phenom- 
enon which causes the wave length of a 
quantum to increase when the quantum is 
“scattered”’ or deflected. 

This change in quality of radiation in 
passing through tissue was realized to be 
an important factor in deep radiation ther- 
apy, and was investigated by Quimby and 
McNattin® for radiation generated by 200 
kv. (peak). These workers developed a 
method of measuring the quality of radia- 
tion at any depth in a paraffin phantom by 
means of copper shells placed around an 
ionization chamber. It is their method 
which was utilized in the experimental work 
which is to be described. 

There has been a tendency to increase 
the hardness of roentgen rays which are 
used for the treatment of deep-seated le- 
sions. The chief reason for this increase in 
voltage is the corresponding increase in the 
depth dose. There are probably accompa- 
nying changes in the relative radiosensitiv - 
ity between neoplastic and normal tissues, 
but this is at the present time very uncer- 
tain. 

The question of depth dose has been 
studied from both the physical and biolo- 
gical viewpoints. Failla, et have pub- 
lished comparisons of the absorption of 200 
and 700 kv. (peak) radiations as indicated 
by ionization. Henshaw and Francis* have 
reported on the depth dose as measured by 
the effect on wheat seedlings and Drosoph- 
ila eggs at 165 and 650 kv. (peak). The 
latter work shows that the biological depth 
dose is considerably less than the ionization 
measurements indicate. Further work by 
these authors proves beyond doubt that 
relative radiosensitivities can change with 
change in quality, and further show that for 
certain biological test objects the depth dose 
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Fic. 1. Paraffin phantom, flat filters, “thimble” filters and ionization chambers. 


can be greater or less than ionization meas- 
urements indicate, depending on the wave 
length of the incident radiation. 

For this reason, it is important to study 
the quality of the incident radiation and 
any changes in its quality caused by scat- 
tering, and to determine how these changes 
in quality are affected by changes in the 
generating voltage. Accordingly, an experi- 
mental study was carried out in order to 
compare the changes in quality of 200 and 
400 kv. radiation in passing through tissue. 
It is felt that the results given will become 
increasingly useful in the future as further 
data on differential effects is obtained. It 
was pointed out that this study has been 
previously made by Quimby and McNat- 
tin® for radiation generated by 200 kv. 
(peak). It was thought best, however, to 
repeat this work at 200 kv. as a check on 
the apparatus and method as there were 
several uncontrollable differences between 
the apparatus used by the above investi- 
gators and that used by the author. 


EXPERIMENTAL PROCEDURE 

A paraffin wax phantom was constructed, 
using paraffin having a specific gravity of 
0.9. The phantom, together with the “‘thim- 
ble’ type copper filters, the flat copper 
filters, and the condenser type ionization 
chambers, is shown in Figure 1. 

The source of 200 kv. radiation was a 
General Electric type XPT, 220 kv. water- 
cooled tube. This tube was mounted in a 
lead lined box having a 0.25 mm. copper 
filter mounted permanently in the portal. 
This filter, plus the 0.2 mm. equivalent 
copper inherent filtration of the thick- 
walled tube, made a minimum filtration 
available of 0.45 mm. copper. The tube 
was supplied with 20 ma. of full wave me- 
chanically rectified current. The voltage 
across the tube measured 210 kv. (peak) 
with the conventional sphere gaps. 

The source of 400 kv. radiation was an 
oil-cooled General Electric 400 kv. sealed 
tube immersed in an oil drum. The inh«r- 
ent filtration of the tube plus the oil and 
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the portal was equivalent to approximately 
2.0 mm. of copper. This tube was supplied 
with 5 ma. from a Villard circuit rectifier 
manufactured by the Kelley-Koett Com- 
pany. The voltage was factory calibrated 
at 400 kv. (peak). 

A comparison of the quality of these 


sources is shown in Figure 2, which gives 
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Fig. 2. Curve giving comparison of the two sources 
of radiation used. 


absorption curves for these radiations. The 
half-value layers are 0.7 mm. copper and 
3-6 mm. copper for the 210 and 400 kv. 
(peak) respectively. 

The ionization measurements necessary 
to plot an absorption curve must be taken 
with great care, as the size and placement 
of the diaphragms in relation to the roent- 
gen tube and the ionization chamber 1s 
most important. This is important because 

light variations from the correct values 

1ay lead to large errors, especially at 400 

v. or higher. 

In plotting the absorption curves shown 

Figures 2, 3 and 4, the following dis- 
inces were employed: 

r 210 kv. (peak): 

Tube to first diaphragm (and first 


filter) 40 cm. 
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Fic. 3. Curve showing relation of flat to “thimble” 


filters at 210 kv. (peak). 


Tube to second diaphragm and addi- 
tional filter 

Filters to ionization chamber 

For 400 kv. (peak): 

Tube to first diaphragm and filter, 
approximately 

Tube to second diaphragm and addi- 
tional filter 

Filters to ionization chamber 


70 cm. 
cm. 


50 cm. 


cm. 
go cm. 
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Fic. 4. Curve showing relation of flat to “thimble” 


filters at 400 kv. (peak). 
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Fic. 5. Curve showing relative amounts of 210 kv. 
(peak) radiation absorbed by copper at different 
depths in the phantom. 


The second diaphragm in both cases was 
2 inches square and constructed from 3 
inch lead. The ionization measurements 
were all made with a Glasser-Seitz type 
Victoreen condenser r-meter. 

Twelve copper “thimble” type filters 
were used, each having a thickness of 0.58 
mm. These filters were made by wrapping 
sheet copper around wooden dowels and 
“sweating” the lap joints, which were about 
1 mm. wide. When in use, these soldered 
portions were carefully kept in a plane 
perpendicular to the rays. These filters are 
shown in Figure 1. 

The 400 kv. (peak) ionization measure- 
ments were plotted on semi-logarithmic co- 
ordinatepaper andthe size of thediaphragms 
and the distances were varied until the 
slope of the straight portion of the curve 
was greatest. Distances greater than 90 cm. 
were not practical because of the portal- 
floor distance. Using the portion of this 
curve between 20 and 30 mm. of copper 
gives an absorption coefficient of 0.136 as 
compared with a value of 0.137 for 400 kv. 
constant potential, as given by Folsom.” 

After taking the flat filter absorption 
data, the flat filters were removed and the 
“thimble” filters were placed successively 
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over the ionization chamber without mak- 
ing any changes in the diaphragm system 
or the distances. A comparison of the flat 
and “‘thimble”’ chambers for 210 kv. (peak) 
is given in Figure 3 and for 400 kv. (peak) 
in Figure 4. As expected, the “thimble” 
filter curves come above those of the flat 
filters, due to the “wall effect” or scattering 
from the sides of the ‘“‘thimbles.” It can be 
seen very clearly why the “thimble” filter 
curves could not be used to define the qual- 
ity of the rays. In this case, they are used 
merely to compare two radiations, ot to 
define them. 

“Thimble” filter absorption curves were 
made on the surface and at a depth of 10 
cm. in the wax phantom. For 210 kv. (peak) 
an initial filtration of 0.7 mm. was used. 
This is the value used clinically and is com- 
posed of the o.2 mm. inherent filtration in 
the tube plus a 0.5 mm. external filter. The 
results are shown in Figure 5 and are in fair 
agreement with the results obtained by 
Quimby and McNattin, the predicted sof- 
tening being present to reduce the half- 
value layer from approximately 1 mm. at 
the surface to 0.7 mm. at a depth of 10 
cm. 
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Fic. 6. Curve showing relative amounts of 400 ky. 
(peak) radiation absorbed by copper at differe:t 
depths in the phantom. 
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At 400 kv. (peak) the filter employed was 
4.5 mm. of copper which is the point where 
the semi-logarithmic absorption curve be- 
comes practically a straight line, and is the 
filter used for treatment. Curves were made 
for the surface and for depths of 5 and 10 
cm. in the wax. These curves are shown in 
Figure 6. The scattered radiation reduces 
the half-value layer from 5.6 mm. of copper 
at the surface to 4.5 mm. at a depth of 5 
cm. and 3.8 mm. at Io cm. 

For lack of a better method of describing 
it, the half-value layer in copper has been 
used in the preceding paragraphs to com- 
pare the quality at a depth in the phan- 
tom with that on the surface. A study of the 
complete curves as shown in Figures § and 
6, especially the upper portions, which are 
most affected by the very soft rays, gives a 
much truer idea of the increase in the softer 
components. The rapid dropping off of the 
upper portion of the curve for a depth of 
10 cm. at 400 kv. (peak) indicates the pres- 
ence of a large amount of soft radiation. 
If the thickness of copper required to re- 
duce the radiation 10 or 20 per cent is noted 
and compared for 210 and 400 kv. (peak), 
the two types of radiation are seen to be 
more nearly similar at a depth of 10 cm. 
It is probably this soft radiation which is 
absorbed in the tissues and which produces 
the biological effects. 

DISCUSSION 

This investigation was undertaken be- 
cause it was felt that a better knowledge of 
the quality of radiations used for therapy 
is needed. There is an increasing tendency 
to use higher voltage because of the cor- 
responding increase in the depth dose. This 
increase in the percentage of the surface 
radiation which is present at any given 

lepth can be proved by sound physical 
theory and experiments. However, Hen- 
shaw and Francis** have shown that with 
‘ertain biological test objects the ratio be- 
‘ween the ionization and the biological 
fects changes with a change in quality. 
(hey found further, that for gamma rays, 
vhen the surface ratio was 1:1:1, the ratio 
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at a depth of 10cm. became 13:19:66. This 
drastic change in relative radiosensitivity 
was apparently due entirely to the change 
in quality of the radiation in passing 
through the intervening tissue. Also, it 
can be seen that there was a complete 
reversal in the relative radiosensitivity 
caused by the change in the quality of the 
incident radiation from 200 kv. (peak) to 
gamma rays. 

It was with the hope of obtaining a 
clearer idea of the mechanism causing the 
effects pointed out above that the present 
work was undertaken. No definite conclu- 
sions can be drawn from the work described 
herein, but it is felt that the data taken 
contribute materially to the knowledge of 
the quality of the radiation present at 
different depths in tissue. Since this quality 
has been shown to be an important factor 
in controlling the biological reactions, these 
data should be useful to future investiga- 
tors attempting to discover the mechanism 
causing such reactions. 


SUMMARY 


1. Copper absorption curves made with 
“thimble” filters were compared with flat 
filters for 210 and 400 kv. (peak) roentgen 
radiation. 


2. Copper absorption curves with “thim- 
ble” filters were made on the surface and 
at a depth of 5 and Io cm. in a paraffin 
phantom. 


3. From these absorption curves, it could 
be seen that roentgen rays at 210 and 400 
kv. (peak) become softer after passing 
through paraffin (which has approximately 
the same effect as tissue). At a depth of 
10 cm. it was shown that the 400 kv. (peak) 
rays contained a great deal of very soft 
radiation, and if compared with 210 kv. 
(peak) radiation, by noting the percentage 
passing through o.10 mm. or less of copper, 
these radiations appeared more nearly sim- 
ilar. Although the 400 kv. (peak) radiation 
had softened considerably, it was still very 
much more penetrating than the corre- 
sponding 210 kv. (peak) radiation. 
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A METHOD OF SIMPLIFIED DEPTH DOSAGE 
CALCULATION FOR CLINICAL PURPOSES 


By G. E. ROTH, M.Ph., B.Sc. 


Travis Radiophysical Laboratory, Canterbury University College 
CHRISTCHURCH, NEW ZEALAND 


HE need for determining the skin and 

depth dose in clinical practice was re- 
alized at an early stage in the development 
of roentgen therapy. It led to the adoption 
of universally recognized means of defining 
the physical data involved in actual treat- 
ment: the international roentgen providing 
the unit of roentgen-ray quantity and the 
now generally accepted half-value layer 
method allowing the quality of the radiation 
to be defined with reasonable accuracy. The 
introduction of clinical dosimeters in their 
various forms provided the radiologists 
with the tools for measuring and checking 
the physical factors involved in their work. 
Publications on clinical work, which con- 
tained the physical data of the radiation 
used could therefore be expected to prove 
useful as a basis for systematic research 
into radiotherapeutic methods. However, 
a survey of the literature shows that the 
usefulness of the published material is im- 
paired by the fact that widely different 
methods have been adopted by different 
radiologists for arriving at their published 
skin and depth dose figures. 

The use of different methods for calcu- 
lating and measuring the skin and depth 
dose leads of necessity to divergent results 
and conclusions, for these figures are based 
either on calculations using Planck’s con- 
stant, or on direct experimental observa- 
tion, with one of the commercial dosi- 
meters. The latter method is still connected 
with fundamental difficulties:' shape, size, 
and material of the ionization chamber 
ised are of considerable influence on the 
results of the measurements. If clinical 
measurements are not made during treat- 
ment but on a phantom, the phantom ma- 
terial as well as the phantom’s shape and 
size and the methods of defining the portal 


irea are further potential sources of error.?:* 
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In view of the difficulties connected with 
direct clinical skin and depth dose measure- 
ments, a calculation of these figures, based 
on measurements of a more reliable type, 
will normally yield a higher degree of ac- 
curacy. The necessary clinical measure- 
ments can be reduced, in this case, to 
defining the intensity in free air (without 
backscatter) and the half-value layer of the 
radiation actually used for treatment. For 
these measurements a sufficient degree of 
accuracy can be obtained by using clinical 
dosimeters, thus providing a reliable foun- 
dation for the calculations. However, even 
these calculations sometimes prove un- 
satisfactory, notwithstanding their sound 
basic measurements, owing to the fact that 
the calculations are often carried out with 
the help of certain tables and graphs which 
have since been superseded by more exact 
and reliable material. The reason for this 
survival of the older data may be attributed 
to their convenience: their way of present- 
ing the material apparently makes them 
more practicable in clinical practice than 
some of the more recent publications.* 

Methods of calculating the skin and 
depth dose—using the latest available ma- 
terial on the relation between the various 
physical factors involved in roentgen ther- 
apy and combining it with the utmost 
simplicity in their application—seem there- 
fore desirable. 

Such methods are easily arrived at for 
the determination of skin dosage. The best 
data on this problem* can easily be put 
in the form of graphs from which the per- 

* A discussion of the still existing discrepancies between the 
results of different investigators of the skin and depth dose ques- 
tion is outside the scope of this paper. Quimby, Marinelli and 
Farrow in their “Study of back-scatter’’* and Packard’s paper on 
“Calculation of percentage depth doses’? quote and compare the 
more important results of other workers and discuss this question 


rather extensively. These papers and references 2, 4, 5, 6 and 7 
provide a bibliography which covers most of the subject. 
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Fic. 1a. From the tables referred to in reference 8 
graphs can be plotted which allow the skin dose to 
be read off immediately as a percentage of the 
incident radiation for a continuous range of quality 
of roentgen radiation and a selection of portal 
sizes. In order to show the dependence of the back- 
scatter on the quality of the radiation and the size 
of the portal area the above graphs are drawn for 
the range 0.3 mm. to 2.5 mm. Cu half-value layer 
and portal areas of 25, 50, 100, 200 and 400 cm.? 


centage backscatter or alternatively the 
skin dose as a percentage of the dose meas- 
ured in free air can be read off immediately 
for a wide variety of treatment conditions. 
The simple principle is shown and ex- 
plained in the graphs in Figures 14 and 14. 
When both the radiation output in free air 
at the same focal distance and the half- 
value layer are known, one single multi- 
plication gives the skin dose in tissue roent- 
gens. 

A method of similar simplicity for the 
determination of the depth dose does not 
present itself so readily on account of the 
many factors which are interconnected in 
this question. Packard’s paper* provides a 
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very ingenious method of graphical calcu 
lation. Its application in clinical practice 
is, however, impaired by the fact that each 
calculation necessitates—as pointed out by 
Packard—the following steps: 


(1) The percentage depth dose for a 
given quality of radiation at 10 cm. 
depth with 40 cm. focal skin distance 
and 50 cm.” portal area has to be 
derived from a graph. 


(2) The result of the first operation has 
to be amended from a nomogram for 
the wanted focal skin distance. 


FOR MAXIMUM UNDERLYING TISSUE 
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Fic. 14. If the percentage backscatter or the skin dos: 
is to be determined for a continuous range of porta! 
sizes and a given half-value layer a graph of th 
above type will be found useful. For those hal! 
value layer values which are not included in th 
tables referred to in reference 8 the values can b 
arrived at from an auxiliary graph of the typ 
shown in Figure 1a. 
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(3) The result of the second operation 
has to be amended from another 
nomogram for the wanted size of 
portal area. 

The result of the third operation has 
to be amended from another nomo- 
gram for the wanted depth. 

(5s) and (6) The result of the fourth 
operation provides the depth dose 
as a percentage of the skin dose. In 
order to arrive at the actual dose in 
tissue roentgens it is now necessary 
to determine the skin dose (e. g. by 
the method outlined in Figures 14 
and 14, involving two more opera- 
tions: the determination of the per- 
centage backscatter from the graph 
or the original tables and the multi- 
plication). 

A further multiplication of the re- 
sults of (4) and (6) gives the depth 
dose in tissue roentgens as the final 
result. 


It will be shown that it is possible to 
replace this procedure for a range covering 
the main part of the usual deep therapy 
treatment conditions by a method that 
entirely eliminates the fifth and sixth oper- 
ations and replaces the first, second and 
third operation by the reading of one single 
graph. 

This simplified method is based on (a) 
the elimination of the skin dose value from 
the calculations and (b) on the fact that 
beyond 0.5 mm. Cu half-value layer, with 
increasing half-value layer a decrease in 
backscatter (Fig. 1a) occurs simultaneously 
with an increase in percentage depth dose 
(Fig. 2). 

Customarily the skin dose* is expressed 
as the ratio Do/D while the depth dose is 


* The following abbreviations are used: 


D..—for the depth dose in tissue roentgens, measured at 10 cm. 


depth in the center of the beam (similarly e.g. D; at 7 cm. 
depth, etc.). 

-for the skin dose in tissue roentgens, measured at the 
center of the beam with the measuring chamber half 
buried in the tissue, i.e. with its axis in the plane of the 
skin. 

for the dose in roentgens, measured at the center of the 
beam in free air (without backscatter) at the same focal 
distance as Do. 
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expressed in terms of the skin dose as the 
ratio Dyo/D». A multiplication of these ra- 
tios for corresponding values results in an 
expression D,)/D, defining the depth dose 
in terms of the incident radiation D and 
eliminating the skin dose value Dy. 

For a wide range of qualities these values 
have been determined from the data given 
by Packard* and Quimby, Marinelli and 
Farrow,® covering the half-value layers be- 
tween 0.3 mm. and 2.6 mm. Cu, the focal 
skin distances between 30 cm. and 120 cm. 
and the portal areas between 25 cm.? and 
400 cm.” Some of the results are given in 
Figures 3, 4, 5, 6, 7 and 8. Values corres- 
ponding to any focal skin distance greater 
than 80 cm. are not shown on account of 
their rather limited practical value. 

It will be seen from these graphs that for 
all investigated focal skin distances and 
portal areas the depth dose Dj) expressed 
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as a percentage of the incident radiation D 
has practically the same value for any half- 
value layer between about 1.0 mm. and 
2.0 mm Cu. This means that within this 
range of radiation quality the increase in 
depth dose caused by increased half-value 
layer is compensated by the decrease in 
backscatter. 

It is therefore possible to plot the depth 
dose Dy as percentage of the incident ra- 
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diation D for all radiation qualities between 
the half-value layer of 1.0 mm. and 2.0 
mm. Cu so that this value can be read off 
immediately for any focal skin distance 
between 30 cm. and 120 cm. and for all 
sizes of portal areas between 25 cm.” and 
400 cm.” This plotting can be done either 
in the form of Figure 9 or 10. The choice is 
is a matter of personal preference; both 
graphs give the same data and serve the 
same purpose. They differ only in the meth- 
od of presentation because Figure 10 gives 
a continuous focal skin distance range and 
a selection of portal sizes, while Figure 9 
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covers a continuous range of portal sizes and 
a selection of focal skin distances. Dj» val- 
ues for the quality range from 0.3 mm. to 
1.0 mm. and and from 2.0 mm. to 2.6 
mm. Cu half-value layer can be arrived at 
for the focal skin distance range from 30 
to 80 cm., using the data given in Figures 
3 to 8. This will generally require an inter- 
polation or the drawing of an auxiliary 
graph and will therefore not be as simple 
and satisfactory as the determination of 
values within the range 1.0 mm. to 2.0 mm. 
Cu half-value layer. 

If a dose other than at the 1o cm. depth 
is required the nomogram (Fig. 11) pro- 
vides the possibility of finding the corres- 
ponding value by placing a straight edge 
between the known Dj value on the to 
cm. line and the focus in the left upper 
corner. The principle used by Packard* has 
been applied and therefore the same limi- 
tations apply for this nomogram as those 
pointed out by him. The most important 
of these limitations is the lack of accuracy 
for the first 3 cm. under the skin. For any 
depth greater than 3 cm. the accuracy ob- 
tainable by this method appears to be 
sufficient for clinical purposes and is of 
about the same order as that of the deter- 
mination of the tumor depth. 

The following example shows how the 
method outlined above is to be applied: 

Suppose the dosage rate in tissue roent- 
gens at 8cm. depth is required for the fol- 
lowing treatment conditions: 80 cm. focal 
skin distance; 200 cm.? irradiated field; 1.6 
mm. Cu half-value layer; dosage rate in 
free air at the same focal distance 20 r/min. 
A glance at the graph in either Figure 9 
or 10 shows that D,) under these conditions 
is 60 per cent of D. If we now connect the 
point 60 0n the 10 cm. ordinate of the nomo- 
gram (Fig. 11) with the focus by a straight 
line we find that the intersection with the 
8 cm. ordinate corresponds to 73 per cent 
of D. The dosage rate at 8 cm. depth with 
the above treatment conditions is ther: 
fore 73 per cent of 20 r/min, or 14.6 r/min. 
The same procedure applies of course ( 
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any other size of field or focal skin distance 
covered by the graphs as long as the half- 
value layer lies between about 1.0 mm. and 
2.0 mm. Cu. 


SUMMARY 


A method of simplified depth dosage cal- 
culation for clinical purposes is presented, 
based on the fact that the dose at 10 cm. 
depth, expressed as a percentage of the 
incident radiation is practically constant 
for the same focal skin distance and size 
of field at any half-value layer between 
about 1.0 mm. and 2.0 mm. Cu. Graphs 
calculated on the basis of the data pub- 
lished by Packard* and Quimby, Marinelli 
and Farrow® are given which allow the 
value of the dose at 10 cm. depth to be read 
off immediately as a percentage of the in- 
cident radiation for any focal skin distance 
between 30 cm. and 120 cm. and for all 
sizes of portal areas between 25 cm.” and 
400 cm.” Packard’s method is applied to a 
nomogram allowing the determination of 
the depth dose as a percentage of the inci- 
dent radiation at any other depth than 10 
cm. Graphs are also given enabling depth 
dose values to be derived within the quality 
range from 0.3 mm. to I.0 mm. and 2.0 
mm. to 2.6 mm. Cu half-value layer. The 
view is expressed that a higher degree of 
accuracy can be obtained by calculating 
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the skin and depth doses from reliable data 
than is normally achieved by attempting to 
actually measure these values in clinical 
practice either directly on the patient or 
with the help of phantoms. 


Thanks are due to the New Zealand Branch of the 
British Empire Cancer Campaign Society and the 
Travis Trust for enabling this publication and to 
Professor F. W. G. White, Ph.D., K. R. Popper, 
Ph.D., and Mr. C. Ellyett, M.Sc., for their helpful 
suggestions in discussions of the subject. 
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IRRADIATION AND THE ESTROGENIC THEORY 
OF MAMMARY CARCINOMA 


HE surgical treatment of mam- 
mary carcinoma was based from the 
earliest days on the principle of its unifocal 
nature. It was assumed that when no 
metastases had taken place and the pri- 
mary focus was completely removed, a per- 
manent cure could be expected in most in- 
stances. The only two prerequisites for 
success were that the carcinoma be within 
the borderline of operability and that the 
operation itself be as radical as possible. 
Later, when the results failed to come up 
to expectation, radiation therapy was added 
to the treatment armamentarium. The aim 
was to destroy the microscopic tumor cells 
which, on the basis of past experience, were 
thought to have invaded the surrounding 
structures, especially the lymphatics around 
a carcinoma focus, but which could not be 
seen with the naked eye at the time of 
operation. This innovation has given rise 
to prolonged and often animated discus- 
sions concerning the relative value of the 
two methods. After nearly two decades of 
extensive clinical observations and elabo- 
rate comparative statistical surveys of the 
five year results the problem is still some- 
what confused. It is admitted, although by 
no means generally, that some benefit may 
be derived from the association of irradia- 
tion with surgical procedures when the 
nammary carcinoma has spread to the 
regional lymph nodes, or that radiation 
llerapy may constitute the sole method of 
pproach when the disease is far advanced. 
Hut, In a carcinoma localized to the pri- 


ary focus, it is contended that radical sur- 
ry alone will bring about a cure in at least 

per cent of the cases and that nothing 
ore could be gained from supplemental 
diation therapy. 


92. 


Yet more recent statistical studies com- 
prising systematic follow-up surveys over 
ten to fifteen years seem to indicate that a 
local recurrence or metastasis may occur 
even in the earliest forms of mammary car- 
cinoma at a considerably later time than 
the accepted five year period. In the Radio- 
logic Department of Harper Hospital it was 
found,! for example, that one-half of yr 
patients who were apparently cured « 
mammary carcinoma at the end of Ae 
years died up to the fifteen year period. 
If this number was converted into the basic 
100 per cent, 60 per cent represented death 
from carcinoma and only 40 per cent from 
other causes, a fact which suggests that 
perhaps if all patients had lived long 
enough, carcinoma might have accounted 
for death even more often. In many in- 
stances, a single recurrence developed first; 
then after apparently successful irradia- 
tion, new recurrences kept coming, each a 
little more malignant than its predecessor, 
until finally systemic dissemination had 
put an end to the local situation. In others, 
multifocal recurrences formed the precur- 
sors of rapid generalization of the carci- 
noma from the beginning. In still others, 
widespread distant metastases were noted 
without evidence of any local manifesta- 
tion of the disease. 

All of these observations suggest that 
mammary carcinoma does not always orig- 
inate from a single focus and that, when 
it does, its removal by surgery or destruc- 
tion by irradiation cannot be expected to 
lead to a complete eradication of the disease 

1 Evans, W. A., and Leucutia, T. Deep roentgen-ray therapy 
of mammary carcinoma. III. Fifteen year results in a formerly 
published group and a statistical analysis of 1,200 cases treated 


between 1922 and 1937. Am. J. Roenrcenov. & Rap. THerapy, 
1939, 42, 866-882. 
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unless the underlying cause has been re- 
moved at the same time. Such a conception 
is in accord with the theory of the estro- 
genic causation of mammary carcinoma. 

Indeed, multifocal carcinoma of the 
breast often occurs in animals, especially 
mice, either spontaneously or induced arti- 
ficially by estrogens. On the other hand, a 
single carcinoma focus of the breast may 
develop when injected ovarian hormone has 
been carried by the blood stream to all 
portions of the mammary gland. It has 
been demonstrated experimentally that the 
hormonal effect elicits epithelial stimula- 
tion which is either diffuse or localized to 
one portion of the breast. A good example 
of the former is the formation by budding 
of new acini in the breast of male mice and 
of the latter, the papillomatous growth. 
From this first stage of hyperplasia succes- 
sive stages then gradually lead to malignant 
neoplasia. In most cases the process is 
slow and reactions of various stages may be 
encountered at the same time, until at one 
more advanced point the change culminates 
in carcinoma. In others, as for example 
localized papillomata, the malignant trans- 
formation may occur quite suddenly. In 
either instance the end result is a unifocal 
carcinoma. But if the pathologic tissue re- 
actions become very intensive, multicen- 
tric foci of the carcinoma may appear, 
especially since the mammary system in 
mice is considerably more extensive rela- 
tive to the rest of the body than in the 
human. 

Recently, Muir,? on the basis of a large 
number of cases from the Pathology De- 
partment of the Glasgow Western In- 
firmary, studied in extenso the tissue 
changes during the evolution of mammary 
carcinoma of women in relation to the 
estrogenic etiology. He paid considerable 
attention to the phases of structural varia- 
tions just preceding the onset of the car- 
cinoma whenever the development of ma- 
lignancy could be definitely traced. As- 
suming that the malignant neoplasia arises 


2 Muir, Robert. Evolution of carcinoma of the mamma. 7. 
Path. & Bacteriol., 1941, 52, 155-172 
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either in the ducts or the acini before it 
actually infiltrates the neighboring tissues, 
he divided the subject into two main head- 
ings: (1) intraduct carcinoma, which may 
develop within the ducts and cysts as a 
sequel to papilloma or apart from this con- 
dition; and (2) intra-acinous carcinoma 
which is observed in the acini although its 
evolution is often very difficult to follow. 
Some other cases of doubtful evolution 
were also considered. 

In all these instances, Muir found no evi- 
dence of factors supporting the theory of 
dual causation, according to which the 
diffusely acting hormone leads to hyper- 
plasia but the carcinoma is the result of 
the additional action of a virus. On the con- 
trary, all his observations pointed to the 
fundamental fact that malignancy is the 
end result of the growth-stimulating hor- 
monal agent. 

The adherents of the dual causation 
theory lay great emphasis on the unifocal 
origin of the carcinoma. It is assumed that 
the virus settles at one particular point of 
the hyperplastic breast and that thus can- 
cer starts at one single focus, in small 
groups of cells or even in a single cell. But, 
according to Muir, this unicentricity may 
simply be due to the fact that the most ad- 
vanced stage of the hyperplastic process 
occurs frequently at one point. Such a view 
is supported also by the inequality of re- 
sponse which is observed throughout the 
various parts of the mammary gland, and, 
for that matter, in any other organ reacting 
to the estrogen. Some ducts may show, for 
example, cystic or hyperplastic change, 
while others may appear entirely norm: al. 
Likewise, some acini may undergo abnor- 
mal growth, while others in the same group 
may not be affected at all. The unifocal 
outbreak of carcinoma, in such a terrain, 
would therefore only mean that the reac- 
tive changes had reached their climax at 
one particular point sooner than at others. 
It could not, in itself, be taken as evidence 
of the additional action of a virus and st'll 
less as disproval of its dependence on an 
estrogenic carcinogen circulating in the 
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blood stream. If this interpretation is ac- 
cepted, one may expect, as in mice, the 
occasional occurrence of mammary car- 
cinoma, especially when the hy perplasia is 
greatly accelerated by the excess of hor- 
mone, in more than one center at the same 
time. There may arise independent foci in 
ducts and acini, 
the original focus or foci are removed or 
destroyed and the estrogenic effect con- 
tinues unabated, the successive epithelial 
stimuli may culminate in carcinoma at 
some other point or points. Such a situa- 
tion may conceivably be likened to that 
observed clinically when, as already stated, 
recurrence or a series of recurrences de- 
velops over a long period of time even in 
the localized forms of mammary carcinoma 
despite most radical surgery and most in- 
tensive irradiation. 

Another point stressed by Muir is that 
the malignant change often affects the cells 
of a given area of the mamma in a diffuse 
manner, so that the carcinomatous inva- 
sion is more regional than focal. This was 
observed in all three situations studied 
papillomata, ducts apart from these, and 
acini. It was thought that the malignant 
neoplasia in such cases represents the final 
stage of an especially active proliferative 


process, induced by a continuous excess of 


the growth-stimulating estrogen. 
The implications of all these observations 
can obviously not remain without influence 


on the general clinical considerations of 


mammary carcinoma. 

In the first place, by harmonizing the 
findings of a systematic year by year follow- 
up over a long period of time with the es- 
trogenic theory of causation, one will find it 
difficult to talk about a “‘cure”’ 
the breast even after ten or fifteen years, 

r perhaps at any time. This fact, based on 
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other considerations, was vividly exempli- 
fied by McFarland* in the Caldwell Lec- 
ture of 1938. Some other term, as for ex- 
ample, “survival” would be more appro- 
priate for the designation of the periodical 
late results. 

Secondly, in considering the treatment of 
mammary carcinoma, emphasis should be 
placed on a thorough local and regional 
irradiation, either in association with sur- 
gery when the lesion is operable, or alone, 
when the borderline of operability has been 
passed. But above all, repeated check-up 
examinations are necessary after the com- 
pletion of the initial treatment. These ex- 
aminations are carried out at intervals of 
two months during the first two years, and 
at gradually spaced intervals thereafter, 
for an indefinite period. By thus proceeding 
a new manifestation of the carcinoma is dis- 
covered early and in consequence re-treated 
under more favorable conditions. The value 
of the irradiation in all these instances can- 
not be overestimated. 

Thirdly, the question arises whether or 
not routine exovulation through destruc- 
ion of the estrogen-producing source might 
not help to improve the late results over a 
long period of time. The experimental! data 
and especially the clinical observations in 
this respect are still contradictory and 
therefore the subject must be left an open 
one. 

All in all, it seems that the acceptance 
of the estrogenic theory of the causation of 
mammary carcinoma creates new clinical 
and radiotherapeutic problems which will 
acquire an increasing importance as time 
passes. 

T. Leucurtia 
§ McFarland, Joseph. Keeping in step with science. Caldwell 


Lecture, 1938. Am. J. Roenrcenor. & Rap. THERAPY, 1939, 42, 
161-172. 
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CHARLES THURSTAN HOLLAND 
1863-1941 


N NOVEMBER <4, 1897, less than a 

year after the discovery of x-rays, a 
paper on the subject was read by Sylvanus 
Thompson at a meeting held in London to 
inaugurate the formation of the Réntgen 
Society, a Society which still exists incor- 
porated with the British Institute of Radi- 
ology. Among those present at this meeting 
were a few medical men who decided to 


devote themselves to the application of the 
new discovery to the needs of medicin 
Of this very small band Thurstan Holland 
was one, and within a few years he had b 
come the most eminent exponent of this 
new branch of medicine in Great Britain. 
He was elected president of the Rontgen 
Society in 1904 and again in 1916. In his 
address on the latter occasion he wrot 


“It is twenty years since I took my first 
radiograph, twenty years brimful of inter- 
est, and of advances which in those days 
none of us could have even dreamed about, 
advances which may perhaps be illustrated 
by the fact that the first successful radio- 
graph I saw taken [by Oliver Lodge in 
January, 1896] was that of a hand, and the 
exposure was 13 hours.”’ He lived to see 
such exposures made as a routine in 1/10 
second, even with portable apparatus. His 
professional life was a constant voyage of 
exploration, for he took nothing for granted, 
testing out every new technique and sur- 
veying every paper with a critical eye. No 
man was better fitted by natural gifts to 
be a pioneer or to enjoy to the full the 
thrills of scientific discovery. 

In the rapid evolution of medical radiol- 
ogy and its applications to almost every 
branch of medicine and surgery, particu- 
larly in urinary roentgenology, Holland 
took a leading part. He was one of the first 
to demonstrate the presence of a stone in 
the kidney and to obtain the shadow of the 
kidney outline as a sine qua non of a satis- 
factory roentgenogram of the kidney re- 
gion. His meticulously careful technique 
and expert knowledge of photography re- 
sulted in the production of roentgenograms 
that were far in advance of standard prac- 
tice for many years. Moreover, he brought 
to the task of the interpretation of his re- 
sults exceptional clinical experience that 
was coupled with logical and rapid judg- 
ment. Little wonder, therefore, that he 
made his mark not only as a pioneer but 
also as a leader. 

Although he practiced in Liverpool, he 
nevertheless found time to keep in close 
touch with his colleagues in London, where 
ie served on almost every radiological com- 

ittee of importance. His commanding 
resence and outstanding personality were 
ssociated with exceptional shrewdness of 
idgment and a knack of getting down to 
ssentials. His influence on committees was 
rofound. 

\ typical reminiscence sometimes reveals 

i¢ man. A meeting was arranged in about 
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1908 for the purpose of laying down a for- 
mula for a standard bismuth meal. After 
long discussion Holland got up and said 
that he was all in favor of a standard bis- 
muth meal provided it was the one that 
he himself was using! It was said with a 
chuckle, everyone laughed, nothing was 
done; the time was not ripe for standard- 
ization. 

Holland’s contributions to the literature 
of medical radiology were numerous and 
covered a wide field. So early as 1898-1899 
he wrote on the successful treatment of 
lupus and eczema by means of roentgen 
rays. Later he turned his attention to the 
diagnosis of chest conditions and those of 
the urinary tract. Working with his friend 
the late Sir Robert Jones, he made many 
valuable contributions to the study of dis- 
eases and abnormalities of bones. The 
Royal College of Surgeons acknowledged 
the value of this work by electing him as a 
fellow of the College. A list of about a hun- 
dred of his papers up to 1922 covers prac- 
tically every field of medical radiology that 
had been explored up to that time. 

There was no ambiguity in Holland’s 
make-up and this was reflected in his 
papers and lectures. His directness and 
fearlessness were at times embarrassing in 
discussion, particularly when he criticized 
work that was not satisfactory. As a 
teacher his dogmatism, well justified by 
long experience, was much appreciated by 
his students, who learned to love as well as 
to respect this rather formidable personal- 
ity. He was not one of those who suffer 
fools gladly, yet he was extraordinarily pa- 
tient with students and earned a reputa- 
tion for kindness and consideration. He 
took great pride in the careers of his stu- 
dents, which formed one of his major in- 
terests in the last years of his life. 

During the War of 1914-1918 Holland 
served as a Major in the First Western 
General Hospital. His common-sense meth- 
ods in the localization of foreign bodies 
were adopted by many roentgenologists. 

He attained to all the honors that were 
possible in his branch of medicine and was 
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president of the Electro-therapeutic Sec- 
tion of the Royal Society of Medicine, of 
the Réntgen Society (twice), and of the 
British Institute of Radiology. He was an 
honorary fellow of the American College of 
Radiology and an honorary member of the 
American Roentgen Ray Society and of 
most of the continental radiological so- 
cieties. It was always a disappointment to 
him that, being a very bad sailor, he felt un- 
able to cross the ocean to repay the visits 
that so many Americans had paid to him. 
When he was elected President of the First 
International Congress of Radiology in 
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1925 he attained the highest honor that his 
colleagues could confer on him. 

Outside his profession his hobbies were 
Alpine photography and mountaineering. 
During the last years of his life he lived in 
retirement; but he still took an active inter- 
est in radiology and, as doyen of the radio- 
ologists, he attended many of the public 
functions until ill-health supervened. With 
his passing on January 16, 1941, at the 
age of seventy-seven, radiology has lost a 
leader, the last of the pioneers, who did 
much to establish this branch of medicine 
on a sound basis. 

A. E. Barciay 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


STaTEs OF AMERICA 

AMERICAN ROENTGEN Ray Society 
Secretary, Dr. C. B. Peirce, Royal Victoria Hospital, 
Montreal, Canada. Annual Meeting: Cincinnati, Ohio, 
Sept. 23-26, 1941. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago, 
Ill. Annual meeting: Hotel Statler, Cleveland, June 4, 1941. 

SecTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: Cleveland, Ohio, June 2-6, 1941. 

RADIOLOGICAL Society OF NorTH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: San Francisco, Calif., Nov. 
30o-Dec. §, 1941. 

RADIOLOGICAL Section, BALTIMORE MEDICAL Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

SecTION ON RapDIoLoGy, CALIFORNIA MEDICAL AssOcIATION 
Secretary, Dr. Wilbur Bailey, 2007 Wilshire Blvd., Los 
Angeles. 

RapioLocicaL Section, Connecticut Mepicat Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section on Rapio.ocy, StaTE MEDICAL SociETy 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

RapioLocicaL Section, Los ANGELEs Co. Mep. Soc. 
Secretary, Dr. Wilbur Bailey, 2007 Wilshire Blvd., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at County Society Building. 

RADIOLOGICAL SEcTION, SouTHERN MEDICAL AssociaATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

BROOKLYN ROENTGEN Ray Society 
Secretary, Dr. L. J. Taormina, 1093 Gates Ave., 
lyn, N. Y. Meets monthly on fourth Tuesday, 
to April. 

BuFFALo RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

CuicaGo ROENTGEN Society 
Secretary, Dr. C. J. Challenger, 3117 Logan Blvd. Meets 
second Thursday of each month October to April in- 
clusive at the Palmer House. 

CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RADIOLOGICAL SocIETY 
Secretary, J. O. Newton, 13921 Terrace Rd., East Cleve- 
land. Meets at 6:30 p.m. at Midday Club on fourth Mon- 
day each month, October to April, inclusive. 

Denver Rapio.ocicat 
Secretary, Dr. P. R. Weeks, 520 Republic Bldg., Denver, 
Colo. Meets third Friday of each month. 

Detrorr ROENTGEN Ray AND Rapivum Society 

Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 

monthly on first Thursday from October to May, at 

Wayne County Medical Society Building. 

LORIDA State RaApIoLocicaL SociETY 

Secretary, Dr. J. N. Moore, 210 Professional 

Ocala, Florida. Meetings in May and November. 

/EORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. R. C. Pendergrass, Prather Clinic Bldg., 
Americus, Ga. Meets in November and at annual meet- 

ing of Medical Association of Georgia in the spring. 

LLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 

Springfield, Ill. Meets three times a year. 


Brook- 
‘October 


ky 
Bldg., 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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INDIANA ROENTGEN SOCIETY 
Secretary, Dr. C. C. Taylor, 23 E. Ohio St., Indianapolis, 
Ind. Meeting held the second Sunday in May annually. 

KENTUCKY RADIOLOGICAL SocIETY 
Secretary, Dr. J. C. Bell, 402 Heyburn Bldg., Louisville. 
Meets annually in Louisville on third Sunday afternoon 
in April. 

Lone Istanp Society 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn. 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 

LouIsIANA RADIOLOGICAL SociETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society meeting. Next meeting New Orleans, April, 
1942. 

MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. J. E. Lofstrom, 1536 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 

MILWAUKEE ROENTGEN Ray Society 
Secretary, Dr. I. I. Cowan, Mt. Sinai Hospital, Mil- 
waukee, Wis. Meets monthly on first Friday at Uni- 
versity Club. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. P. Medelman, 572 Lowry Medical Arts 
Bldg., St. Paul. 

NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 P.M. 
at either Omaha or Lincoln. 

New ENGLAND ROENTGEN Ray Society 
Secretary, Dr. A. O. Hampton, Massachusetts General 
Hospital, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 

RapDIoLocicaL Society or NEw JERSEY 
Secretary, Dr. W. J. Marquis, 198 Clinton Ave., Newark. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 

New York ROENTGEN Society 
Secretary, Dr. E. J. Ryan, St. Luke’s Hospital, New York 
City. Meets monthly on third Monday, New York 
Academy of Medicine, at 8:00 P.M. 

Caro.ina RoEentTGEN Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

CenTRAL New York RoentcEn Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 

Oun10 RapDIoLocicaL Society 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 

Paciric ROENTGEN SocIETY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. B. R. Young, Temple University Hospital. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.m., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PirtsBURGH ROENTGEN SociEry 
Secretary, Dr. H. W. Jacox, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 P.m., October 
to June, Pittsburgh Academy of Medicine. 

RocHEsTER ROENTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. S. C. Davidson, 277 Alexander St. Meets 
on second Thursday from October to May, inclusive, 
8 p.M., Rochester Academy of Medicine Building. 
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Sr. Louis Sociery or RADIoLocists 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of October, January, March 
and May, at a place designated by the president. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. A. Hill, 450 Sutter St., San Francisco. 
Meets monthly on third Thursday at ‘a: 45 P.M., first 
six months at Toland Hall, second at Lane Hall. 

Soutn Carouina X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. F. B. Bogart, 311 Medical Arts Bldg., 
Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 

Texas RADIoLoGIcAL SocieTy 
Secretary, Dr. L. W. Baird, 
Temple, Texas. 

Universiry oF MicniGAN DEPARTMENT OF 
oLocy MEETING 
Meets each Monday evening from September to June, 
at 7 p.M. at University Hospital. 

University or Wisconsin RApIoLocicaL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

VirGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. C. H. Peterson, 603 Medical Arts Bldg., 
Roanoke, Va. Meets annually in October. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. K. J. Holtz, American Bank Bldg., Seattle. 
Meets fourth Monday of each month at the College Club, 
Seattle. 

X-Ray Srupy or SAn Francisco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly in evening on third Thursday. 

CuBA 


SoclEDAD DE RapIoLoc{a FIs1oTERAPIA DE CUBA 
President, Dr. J}. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 


Scott and White Hospital, 


ROENTGEN- 


British Empire 
British Instirure oF RApIoLoGy 
rHE RONTGEN SociETy 
Meets monthly on third Thursday from November to 
June inclusive, at 8:15 p.m., 32 Welbeck St., London. 
SeEcTION OF RADIOLOGY OF THE Roya. Society oF Mepr- 
(ConFinep To Mepicat MemBERs) 
Meets on the third Friday of each month during the 
winter at 8:15 p.m. at the Royal Society of Medicine, 
, Wimpole St., London, W. 1 
OF RADIOLOGISTS 
Secretary, Dr. M. H. Jupe, 32 Welbeck St. 
England. 
Section OF Rapio.ocy anp Mepica EL ecrriciry, 
rRALASIAN Mepicat Concress 
Secretary, Dr. H. M. Cutler, 139 Macquarie St. 
New South Wales. 
RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British Mepicat Association 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 
CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. C. Singleton, Medical 
Toronto, 5, Ontario. 
Section oF RapioLtocy, CANADIAN MEDICAL AssociATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext., Halifax, N.S. 
Secrion, New ZEALAND British MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, 
land. Meets annually. 


INCORPORATED WITH 


, London, W. 1 
Aus- 


, Sydney, 


Arts Bldg. 


Invercargill, New Zea- 
CONTINENTAL Europe 
BELGIAN Society OF ROENTGENOLOGY 
roars, Dr. J. Boine, Avenue des Alliés, 134, Louvain 


(Belgium). Meets monthly on second Sunday at d’Eg- 
monds Palace, Brussels, except in the summertime. 
SociEDAD EspaNoLa DE RApIoLocia y ELeEcTROLOGIA 
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Secretary, Dr. J. Martin-Crespo, Fuencarral 
Spain. Meets monthly in Madrid. 
SociETE DE MEDICALE DE FRANCE 


» Madrid 


Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Saine, Paris, 

SociETE Suisse DE RapIoLocie (SCHWEIZERISCHE Row 
GEN-GESELLSCHAFT) 
Secretary for French language, 
de Fonds. 

Secretary for German language, Dr. Scheurer, Molzgasse, 
Biel. Meets annually in different cities. 

Soci FRANCAISE p’ELECTROTHERAPIE E1 
LociE MEDICALE 
Meets monthly on fourth Tuesday, except during months 
of August and September, 12 Rue de Seine, Paris. 

AssOcIATION OF GERMAN ROENTGENOLOGISTS AND Rapt- 
OLOGISTS IN CZECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, 
Prague, 11.52. 

DeuTsCHE RONTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 

Meets annually in April, alternating one year in Berlin, 
one year in some other German city. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aertze. 

Permanent Secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Siip- WEsTDEUTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Norpb- UND OsTDEUTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Dutcnu Society or Ex ECTROLOGY AND ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
spring, and one in the fall. 

Societa ITALIANA RapIoLocia MEDICA 
Secretary, M. Ponzio, University of Turin, Prof. Turin. 

SociETATEA ROMANA DE RADIOLOGIE ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine, 30, 
S. L., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

Att-Russtan Roentcen Ray Association, LENINGRAD, 


Dr. A. Grosjean La Chaux 


DE Rapio- 


German University, 


USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 
Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 


Meets annually. 
LENINGRAD RoOENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock State Institute 
of Roentgenology and Radiology, Leningrad. 
Moscow RoentGEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. 
Konobejevsky. Meets monthly, first Monday, 8 P.M. 
SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summertime. 
Society oF Mepicat RapIoLocy SWEDEN 
Meets in Stockholm. 
Society oF Mepicat RapioLocy 1n Norway 
Meets in Oslo. 
Society or Mepicat RapioLocy 1n DENMARK 
Secretary, Dr. G. Biering, Copenhagen. Meets second 
Wednesday each month October to July in Copenhagen 
at 8 o'clock in State Institute of Roentgenology. 
Society oF Mepicat Rapio.ocy IN FINLAND 
Meets in Helsingfors. 
VIENNA ROENTGEN SOCIETY 
Meets first Wednesday of each month, at 6:30 P.M. 
Zentral-Réntgen Institut des allgemeinen Kranker 
hauses Alserstrasse 4. 


ORIENT 


Japan X-Ray AssociaTION 
c/o Orthopedic Surgery, 
Meets annually in April. 

KINKI RoOENTGEN-ABEND SOCIETY 
Director, Dr. Prof. Taiga Saito, Ogawaoike 
Japan. Meets bi-monthly on third Sunday. 


Tokyo Imperial Universit) 


Tyot 


AMERICAN ROENTGEN 
RAY SOCIETY 

The Forty-second Annual Meeting of the 
American Roentgen Ray Society is to be 
held at the Netherland Plaza, Cincinnati, 
Ohio, September 23-26, 1941. Plans are 
well in hand for the meeting. An interesting 
scientific program is being arranged by the 
President-Elect, Dr. William M. Doughty 
of Cincinnati, and he and his local commit- 
tee are arranging the social events. Again 
the Instruction Courses which have proved 
so popular will be given, and again their 
arrangement is in charge of Dr. B. R. 
Kirklin whose past experience in this mat- 
ter is assurance that the courses will be of 
great value to those who attend them. 

Dr. Paul A. Bishop is Chairman of the 
Committee on Scientific Exhibits. Anyone 
having interesting material to exhibit 
should communicate with Dr. Bishop as 
soon as possible. Arrangements for the 
Commercial Exhibit are being completed 
rapidly and much interest has been shown 
by the various manufacturers, thus assur- 
ing a display even larger than previous 
ones. 

The facilities of the Netherland Plaza are 
well adapted to the exacting requirements 
of such a meeting as that of the American 
Roentgen Ray Society; the personnel is 
most competent and the location of Cin- 
cinnati is a very convenient and central 
one. These are all facts conducive to a suc- 
cessful meeting. 

The complete Instruction Courses and 
Scientific Program will be published in fu- 
ture issues of the JouRNAL. It is hoped that 
this preliminary announcement will serve 
to stimulate interest in the meeting and 
that plans may thus be made well in ad- 

ance to attend this year’s meeting of the 
\merican Roentgen Ray Society in Cin- 
cinnati. 


DIRECTORY OF MEDICAL 
SPECIALISTS 


A second edition of the Directory of 


\ledical Specialists has been authorized by 
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the Advisory Board for Medical Special- 
ties, to be ready for distribution in Febru- 
ary, 1942, with its contents complete to 
January first. 

This Directory is the official publication 
of the Advisory Board, and will list the 
names of approximately 18,000 diplomates 
of the fifteen American Boards examining 
candidates for certification in the special- 
ties. This is an increase of 4,000 over the 
first edition issued early in 1940. 

The geographic grouping will give com- 
pletely revised biographic data about each 
diplomate; there is an alphabetic index 
with addresses and specialty designations; 
and the plan of organization, officers, and 
examination requirements of each Ameri- 
can Board are fully outlined in their various 
sections. 

The biographic data of diplomates will 
not only be revised to date, but also will 
include much new information not found in 
the first edition. Details of formal training 
is one of these, and military appointments 
now held is another. 

Only those who have been formally cer- 
tified by one of the American Boards can 
have their names included, and all of these 
are included, there being no charge or ob- 
ligation other than certification for such 
listings. 

The official nature of this Directory 
makes it invaluable as a reference book. It 
may be used generally for the referring of 
patients to distant communities; for the 
information of Medical Society officers; for 
gaining detailed knowledge about qualified 
specialists throughout the United States 
and Canada; for the obtaining of detailed 
information about the American Boards; 
and for many other purposes. 

The first edition had a wide distribution 
not only throughout the medical profession 
as well as medical and other public libra- 
ries, but also among insurance companies 
and business firms dealing with physicians. 
Nevertheless, it is not a commercial under- 
taking as the Directory contains no adver- 
tising material, is underwritten by the Ad- 
visory Board and actually received sub- 


sidizing support so that it could be dis- 
tributed as near to cost as possible. 

Questionnaires for biographic data are 
now being mailed out with order forms. The 
Secretary of each Board urges that every 
diplomate return his questionnaire form as 
quickly as possible, and he is urged also 
to support this project of the American 
Board by his subscription to the Directory. 
A substantially reduced rate is offered for 
prepublication orders, as the size of the 
printing is based largely on advance sub- 
scriptions. 

The publication is issued through the 
Columbia University Press of New York. 
The Secretary of each American Board 
serves on the Advisory Editorial Board, 
and Paul Titus, M.D., 1o1s Highland 
Building, Pittsburgh, Pennsylvania, of the 
American Board of Obstetrics and Gyne- 
cology, is the Directing Editor. 


AMERICAN BOARD OF 
RADIOLOGY 


The number of applicants who wished to 
be examined in Cleveland, May 29, 30, 31 
and June 1, was far greater than the Board 
could take care of at one examination. Ar- 
rangements are being made to schedule a 
second examination some time this fall at 
a convenient place. Inasmuch as there are 
already on file a very large number of ap- 
plications for the coming examination, we 
would urge those who contemplate being 
examined this year to file their applications 
immediately. 

B. R. Kirk win, Secretary 


SAVE HOSPITAL RUBBER GOODS 
FOR NATIONAL DEFENSE 

An appeal for hospitals to save and sell 
worn rubber goods of all kinds and grades 
in the interest of national defense has been 
initiated by the James M. Jackson Me- 
morial Hospital, Miami, Florida. The Gov- 
ernment needs all the rubber it can get and, 


in addition to buying it, a second method of 


procuring it is to conserve what is already 
in the United States. Nearly all hospitals, 
doctors and dentists in private practice, 
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discard daily what to them is worthless 
rubber, but if saved and sold to scrap deal- 
ers it would find its way back to commer- 
cial reclamation plants, and hence would be 
available for national defense. Mr. Harvey 
S. Firestone, Jr., makes the following valu- 
able suggestions about the disposition of 
used hospital rubber: 


It would be my suggestion that you sell your 
hospital’s scrap rubber, including that from 
sheeting, hot water bottles, rubber gloves, tub- 
ing, etc., to any scrap dealer who will give you 
the best price for it. In that way it will find a 
route to the reclaiming plants and the hospital 
will obtain some salvage value from it. Market 
prices of scrap rubber fluctuate “ same as do 
prices of any other commodities. Further, dif- 
ferent prices for the same grades will prevail in 
different communities because of differences in 
shipping costs that must be incurred to get the 
rubber to points where it can be reclaimed. 
Speaking generally, however, the types of scrap 
rubber which a hospital can accumulate will 
vary in price from less than a cent a pound to 
several cents per pound, with gloves and other 
“pure gum” articles commanding the higher 
prices. If the scrap is sorted by articles or 
grades of rubber, it should bring more than if 
sold in one bulk lot. 


THE INVISIBLE RAY 


The Roentgenologist is the magician of 
modern medicine. He is the modern Aladdin, 
the genii of whose magic bottle is the mys- 
terious x-ray. Truly he looks into the crystal 
and predicts the future. By his wizardry we may 
look at the beating heart, the stone in the kid- 
ney, the ulcer crater and the distorted physiol- 
ogy of malignancy. 

The radiologist will show you, in stereoscopic 
projection, the mysteries of tuberculosis—the 
cavity—the infiltration of infection—the healed 
and calcified battleground. He will point out 
the amount of necrosis in bone or the extent of 
the reparative process. He will demonstrate to 
the surgeon the results of his adjustments of 
fractures and will predict what the future 
should bring. One of the most dramatic phases 
of all surgery is to us, the setting of a fractur 
under the fluoroscope. 

Within his darkened cave this modern Merli: 
conjures up more wonders than all the ancient 
necromancers. He will make visible the passag 
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of opaque fluid through the entire gastrointes- 
tinal tract and indicate any variance from the 
normal. He will locate with surprising accuracy 
hidden foreign bodies and will treat with the 


magic of his ray—skin lesions and deep lying 
malignant processes. 

How many things of supreme importance in 
our daily medical lives do we take for granted. 
Scarcely ever do we stop and look back over the 
shoulder to see how far we have come along the 
highway of progress. It is wise, now and again, 
to give thought to the things we of this Age of 
Wonders accept as commonplace. Two things 
of today are to us of absorbing interest—the 
perpetual miracle of a radio—the mystery of 
the x-ray. 

Let us pause to pay tribute to this tireless 
group of scientists—The Roentgenologists. 
Those men who stand beside the physician and 
surgeon and give all out assistance in the prob- 
lems of disease. These men work at great per- 
sonal risk—but you will never hear one of them 
admit it. They are the real magicians of modern 
medicine—they deal in scientific sorcery.— 
Bernard McDouGa.t. (Editorial. Detroit Med. 
News, May 12, 1941, 32, 8.) 


LIST OF PHYSICISTS 

In a report of the Committee on Safety 
and Standards presented at the Forty- 
first Annual Meeting of the American 
Roentgen Ray Society held in Boston in 
1940, the following physicists were ap- 
proved by the Committee. It also recom- 
mended that the list be published in the 
Journat for reference. 


Blatz, I. H., Dept. of Hospitals, 414 E. 26th St., New York, N. Y. 
Braestrup, C. B., Dept. of Hospitals, New York, N. Y. 
Cole, K.S., College of Physicians and Surgeons, New York, N. Y. 
Corrigan, K. E., Harper Hospital, Detroit, Mich. 
Demers, J., University of Montreal, Montreal, Canada. 
ixner, F. M., Crocker Institute, New York, N. Y. 
lailla, G., Memorial Hospital, New York, N. Y. 
Glasser, Otto, Cleveland Clinic, Cleveland, Ohio. 
Harrington, E, L., University of Saskatchewan, Saskatoon, 
Canada. 
Henderson, G. H., Dalhousie University, Halifax, Nova Scotia, 
Canada. 
lenny, G. C., Temple University Hospital, Philadelphia, Pa. 
cobson, Lillian E., Montefiore Hospital, New York, N. Y. 
iurence, G. C., National Research Council of Canada, Ottawa, 
Canada. 
iuritsen, C. C., California Institute of Technology, Pasadena, 
Calif. 
andauer, R., 1317 Judson Avenue, Highland Park, III. 
eppard, L. B., Department of Health, Province of Ontario, 
Toronto, Canada. 
lacdonald, P. A., Cancer Relief and Research Institute, Winni- 
peg, Manitoba, Canada. 
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Marinelli, L. D., Memorial Hospital, New York, N. Y. 

Morgan, J. S., Duke University, Durham, N. C. 

Mutscheller, A., Post-Graduate Hospital, New York, N. Y. 

Nurnburger, C. E., Redmon, III. 

Omberg, A. C., Vanderbilt University Hospital, Nashville, Tenn. 

O'Neill, Dallet B., Moore School, X-ray Laboratory, Philadelphia, 
Pa. 

Pugh, R. E., 1944 Summit Avenue, Pasadena, Calif. 

Quimby, Edith H., Memorial Hospital, New York, N. Y. 

Reinhard, M. C., State Institute for Study of Malignant Disease, 
Buffalo, N. Y. 

Robertson, J. K., Canada. 

Rose, J. E., Marine Hospital, Baltimore, Md. 

Rovner, L., Ryerson Laboratory, University of Chicago, Ill. 

Schwarzschild, M. M., Beth Israel Hospital, New York, N. Y. 

Shrum, G. M., University of British Columbia, Vancouver, B. C. 

Sidhu, S. S., University of Pittsburgh, Pittsburgh, Pa. 

Singer, G., National Bureau of Standards, Washington, D. C. 

Stenstrom, W., University of Minnesota, Minneapolis, Minn. 

Stephenson, B. R., Buffalo City Hospital, Buffalo, N. Y. 

Taylor, Lauriston S., National Bureau of Standards, Washington, 

Ulrey, C. T., Bloomfield, N. J. 

Vigness, Irwin, University of Minnesota, Minneapolis, Minn. 

Warren, S. Reid, Moore School, X-ray Laboratory, Philadelphia, 
Pa. 

Weatherwax, ]. L., Philadelphia General Hospital, Philadelphia, 
Pa. 

Williams, M. M. D., Mayo Clinic, Rochester, Minn. 


LOUISIANA RADIOLOGICAL 
SOCIETY 

On April 22, 1941, a group of roentgen- 
ologists of Louisiana met and organized the 
Louisiana Radiological Society. The fol- 
lowing officers were elected: President: Dr. 
Stakely F. Hatchette, Lake Charles; V’ice- 
President: Dr. L. A. Fortier, New Orleans; 
Secretary-Treasurer: Dr. Johnson R. Ander- 
son, Shreveport. The Society meets an- 
nually during the time and place of the 
Louisiana State Medical Society. The next 
meeting will be in New Orleans in April, 


1942. 


CLEVELAND RADIOLOGICAL 
SOCIETY 

At the meeting of the Cleveland Radio- 
logical Society held on April 28, 1941, the 
following officers were elected for the com- 
ing year: President: Dr. H. A. Mahrer, 
Cleveland; Vice-President: Dr. E. C. Baker, 
Youngstown; Secretary-Treasurer: Dr. J. O. 
Newton, East Cleveland. Meetings are held 
at 6:30 p.M. at the Midday Club in the 
Union Commerce Building on the fourth 
Monday of each month from October to 
April inclusive. 
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PITTSBURGH ROENTGEN 
SOCIETY 

On Saturday evening May 10, 1941, at 
a dinner meeting at the Hotel William Penn 
in Pittsburgh, the Pittsburgh Roentgen 
Society was addressed by Dr. Murray M. 
Copeland of Baltimore. The meeting was 
well attended and Dr. Copeland, who is a 
co-author of ‘““Tumors of Bone,” spoke on 
the subject ““The Prognosis of Bone Tu- 
mors.” He pointed out the importance of 
proper classification and early radical treat- 


JUNE, 194 


ment such as is used in any other high) 
malignant condition. 


ILLINOIS RADIOLOGICAL 
SOCIETY 


At a recent meeting of the Illinois 
Radiological Society the following officers 
were elected for the ensuing year: Presi- 
dent: Dr. E. L. Rypins, Bloomington; Vice- 
President: Dr. P. R. Dirkse, Peoria; Secre- 
tary: Dr. Wm. DeHollander, Springfield. 
Meetings are held three times a year. 
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Department Editor: Roserr B. Tarr, M.D., B.S., M.A., 105 Rutledge Ave. 
Charleston, S.C. 


MEASUREMENT OF THE TRUE CONJUGATE WITH 
THE AID OF A NEW LIGHTWEIGHT RULE 


By HARRY J. PERLBERG, M.D., F.A.C.P. 
Department of Roentgenology, Margaret Hague Maternity Hospital 


HUDSON COUNTY, NEW JERSEY 


EASUREMENT in centimeters of the 

true conjugate of the maternal pelvis 
by means of a brass rule attached to the pa- 
tient’s back with adhesive plaster was first 
described by Weitzner.' The principle in- 
volved was that the distortion of the dots 
in the rule was equivalent to the distortion 
of the pelvis in the plane of the true conju- 
gate. The distance between any two points 
on the image of the pelvis could therefore 
be measured in centimeters by applying the 
actual distance between them to the image 
of the rule. This rule is attached to the pa- 
tient’s back over the spinous processes of 
the lumbar spine and sacrum, the lower end 
of the rule lying in the cleft between the 
buttocks. A lateral roentgenogram is made 


ic. 1. Photograph of patient with rule in situ. 


show the lumbar spine, the sacrosciatic 
tch, and profile of the true conjugate. 
Weitzner, S. F. Simple roentgenographic method for ac- 


itely determining true conjugate diameter of pelvis. 4m. 7. 
Gynec., 1935, 70, 126-128. 
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The only difficulty we have had with the 
Weitzner rule, which has been used for a 
number of years, is that due to its weight it 
has a tendency toslip. To overcome the slip- 


Fic. 2. Lateral roentgenogram of pelvis showing 
shadow of rule in relationship to pelvis. 


ping we mounted the rule upon two up- 
rights which were adjustable and placed the 
rule directly parallel with the spinous proc- 
esses of the patient, but it was found that 
the patient would very frequently rotate 
slightly so that unequal distortion between 
the plane of the true conjugate and that of 
the rule resulted. 

We have made a lightweight rule of hol- 
low bakelite with lead and bakelite strips 


) at. No. 6 
4 
4 

4 


Fic. 3. Roentgenographic comparison of new and 
old rules showing increased legibility of new rule. 
Each white and black space measures exactly | 
cm. on the rule. 


alternately inserted into the hollow, the 
lead inserts accurately marking off dis- 
tances of 1 cm. This rule measures 3” in 
width by 10” in length. It is strapped to the 


. Perlberg 


June, 


patient’s back in the same manner as the 
Weitzner rule but due to its light weight 
there is not enough pull against the adhe- 
sive to permit of any slipping, assuring accu- 
rate measurement. 

The weight of the bakelite rule is 1 ounce 
as against the weight of the brass rule which 
is 12 ounces. Comparison of images of the 
brass and the bakelite rules shows that it is 
much less difficult to read the spaces with 
the lighter rule, the lead strips showing 
greater opacity on the film. 

The advantages are its lightness, the fact 
that it can be readily applied to the pa- 
tient’s back where it stays without slipping 
and the fact that the spaces are more clear- 
ly discerned and more easily read than the 
dots or notches on the brass rule. 

I wish to express thanks to Dr. Robert Berman 


and also to Mr. Robert Taylor, Chief Technician of 
the Department, for their interest. 
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head due to (abs), 145 
FoREARM, fractures of both bones of, in children (! 
621 
FOREIGN BODIES, combined roentgenoscopic met 
for quick and accurate localization, 768 


method for location and measurement of, 881 

simple roentgenographic method for localiza- 
tions of (abs), 159 

tube tilt method of localization of, 121 


FOREIGN BODY, nonopaque, in lower respiratory 
tract, roentgen diagnosis, 843 
FRACTURE, insufficiency, of tibia resembling osteo- 
genic sarcoma, 209 
FRacTURES See also Pseudofractures 
of both bones of forearm in children (E), 621 
of neck of femur in childhood (abs), 790 
of neck of femur, special stud-bolt screw for 
fixation of (abs), 789 
FURUNCLE, roentgen treatment of, 74 


GALLBLADDER, Calcareous bile in (abs), 308 
lipomatosis of, roentgen picture (abs), 309 
normal, roentgen findings in, 360 
pathological, roentgen findings in, 360 

GANGLION CELLS, localized absence of, of myenteric 

plexus in congenital megacolon (abs), 475 

Gas, free, in abdominal! cavity as sign of perforation 

(abs), 471 
gangrene, roentgen treatment of, 74 
in bile passages (abs), 309 
GASTROINTESTINAL TRACT, bleeding lesions of, and 
their roentgen diagnosis, 171 
diseases of (abs), 472 
renal reflex of (abs), 477 
roentgen image of mucosa of (abs), 473 
GLYCEMIA CURVE, course of, in cancer patients, 
treated by superteleroentgen therapy (abs), 
156 
Gonaps, changes in, after destruction of thymus by 
roentgen irradiation (abs), 160 
GRANULOMA PYOGENICUM, roentgen treatment, 74 
GRANULOMATA, roentgen appearance of, at apices of 
teeth and of root cysts (abs), 132 
Great Britain, war radiology in (E), 111 


HAND, roentgen study of the three osteoaponeurotic 
compartments of palm of (abs), 150 
Hanps of diabetic child, roentgen study (abs), 786 
Heart, aneurysm of left ventricle, 371, 521 
congenital anomaly of, in twins (abs), 299 
importance of pressure conditions in chest and 
abdomen for roentgen examination of (abs), 
468 
of adult rats, effect of high voltage roentgen 
rays on, 414 
technique for tomography examination of (abs), 
299 
HEMATOMA, encysted, of spleen studied roentgeno- 
logically with thorium oxide (abs), 475 
HemiaTRopny, cerebral, 332 
HEMOPHILIA, effects of, on growing skeleton (abs), 144 
IEPATOLENTICULAR DEGENERATION, progressive, 
with electro- and pneumo-encephalograms, 
714 
IERNIA, diaphragmatic, and eventration, use of 
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pneumothorax in differential diagnosis, 72 
of pericardium, symptomatology and differential 
roentgen diagnosis (abs), 469 
through esophageal opening in diaphragm (abs), 
301 
transmediastinal (abs), 799 
traumatic, of diaphragm on right side (abs), 140 
HERNIATION of bursa omentalis, roentgen appear- 
ance of (abs), 305 
HERPES SIMPLEX, roentgen treatment, 74 
Hickey Lecture, 1939, 171 
Hip, osteochondritis dissecans of (abs), 146 
joint, transitory synovitis of, in children (abs), 
79° 
juvenile osteochondritis of, lesions of neck of 
femur in (abs), 313 
Legg-Perthes’ disease of (abs), 794 
Hips, atrophic Charcot’s (abs), 789 
HopGKIN’s DISEASE, lesions of lungs in, 342 
Ho.ianpb, CHARLES THURSTAN 1863-1941, obituary 
(E), 926 
portrait, 926 
Homes, Georce W., portrait opposite page 161 
Hormones, effect on cell growth by (abs), 317 
sex, relation of, to tumors of female reproduc- 
tive system, 426 
HypRocEPHALUS, congenital, 862 
Hyproco.pos, imperforate hymen causing (abs), 
783 
HypronepuHRosis, differential diagnosis of renal neo- 
plasms from, by pyelography, 214 
imperforate hymen causing (abs), 783 
HyprourETER, imperforate hymen causing (abs), 
783 
HyMeNn, imperforate, causing hydrocolpos, hydroure- 
ter, hydronephrosis and pyuria (abs),783 
HypERNEPHROMA, unoperated, of ten years’ dura- 
tion, 221 
Hyperosrosis, internal frontal, in moronic indi- 
vidual, 55 
Hypersensitivity to sulfanilimide following roent- 
gen therapy (abs), 157 
HyPeERTHYROID SYNDROMES, problems in treatment 
of (abs), 154 
HypeERTHYROIDISM, experimental, effects of roentgen 
irradiation on, 692 
Hypertropuy of thymus, roentgen picture of, in 
second period of childhood (abs), 470 
HyPpopHysEAL REGION, results of roentgen therapy 
in tumors of (abs), 151 
Hypopuysis, dystrophy of, associated with diabetes 
mellitus (abs), 155 
Hypop partial, of lower jaw, 563 
HyporuyroipisM, epiphyseal dysgenesis associated 
with (abs), 799 


ILEUM, normal terminal, roentgen studies of mucosa 
of, 63 

ILEUS, roentgen diagnosis (abs), 472 
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INDUSTRIAL WORKERS, male, tuberculous lesions in 
(abs), 133 
InpustRy, tuberculosis control in (abs), 134 
Inrancy, focal epileptogenic lesions of (abs), 466 
syphilis of bones in (abs), 799 
INFANTS, roentgen diagnosis of acute bronchiolitis 
in, 41 
Inrection, Staphylococcus aureus, of long bones in 
newborn (abs), 792 
Inrections, chronic nontuberculous basal, of lungs 
(abs), 777 
INFLAMMATIONS, experimental, study of irradiation 
of (abs), 315 
roentgen irradiation in treatment of, 74 
INsTITUTE OF RADIOLOGY, 460 
InreNnSsiTY, dependence of biological effect of radia- 
tion on, 605 
INTERVERTEBRAL DISCS, injury to, during spinal 
puncture (abs), 796 
INTESTINE, polyposis, differential diagnosis, 551 
small, diverticulosis of (abs), 474 
INTRACAVITARY radium therapy, physical study of, 
235 
INTRACEREBRAL Carcinomatous metastases (abs), 131 
INTRACRANIAL lesions, expanding, displacement of 
choroid plexus by, 523 
protrusion of ethmoid-sphenoid cells with oc- 
culo-chiasmatic syndrome (abs), 466 
INTRAPULMONARY Cavities, method for location and 
measurement of, 881 
INVAGINATION, ileo-ceco-colic, caused by submucous 
lipoma (abs), 141 
INVAGINATIONS of haustra of colon (abs), 304 
INVISIBLE RAY, 932 
IRRADIATION and estrogenic theory of mammary 
carcinoma (E), 923 
interstitial, treatment of carcinoma of breast 
by, 567 
of inflammations, experimental study of (abs), 
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Janeway Lecture, 1940, |! 
medal, presentation of, 16 
Jaw, lower, Ewing’s sarcoma ot (abs), 467 
lower, partial hypoplasia of, 563 
Jeyunum, hypertrophic tuberculosis of (abs), 303 
Joint chondromatosis in accident case (abs), 143 


manifestations associated with intrathoracic tu- 


mors (E), 451 
Joints, unco-vertebral (abs), 788 


Kipney, differential diagnosis of neoplasms of, and 
hydronephrosis or pyonephrosis by pyelog- 


raphy, 214 


evaluation of roentgenography of surgically ex- 
posed, in treatment of renal calculi (abs), 


478 
large solitary abscess of (abs), 479 


roentgen examination in injuries of, with special 
reference to intravenous urography (abs), 


KNEE, tuberculosis of, in children, growth following 
fusion for (abs), 797 
joint, arthrography in meniscal lesions in (abs), 
79! 
KyYMOGRAM, roentgen, in myocardial infarction (abs), 
300 
roentgen, in myocardial infarction, clinical and 
electrocardiographic correlation (abs), 300 


LARYNGEAL changes in acute haematogenous tuber- 


culosis (abs), 778 
LARYNX, cancer, relation between gross anatomy, 
microscopic structure and radiosensitivity 
(abs), 318 
infiltrative ulcerous tuberculosis of (abs), 467 
LeGG-PERTHES’ DISEASE of hip (abs), 794 
Leiomyosarcoma of esophagus, 27 
Lesions, bleeding, of gastrointestinal tract and their 
roentgen diagnosis, 171 
malignant, use of zinc peroxide in (abs), 319 
of lungs in lymphomatoid diseases, 342 
Leukemia, bone changes in, difficulty of interpreta- 
tion (abs), 314 
chronic (abs), 147 
lesions of lungs in, 342 
Licut, effect on cell growth by (abs), 317 
Lipip content of diabetic lungs (abs), 137 
LipOFIBROSARCOMA, retroperitoneal, in child (abs), 
475 
Lipoip pneumonia (abs), 139 
Liroma, submucous, ileo-ceco-colic invagination 
caused by (abs), 141 
Lipomatosis of gallbladder, roentgen picture of 
(abs), 309 
Loca.izaTiIon of foreign bodies, combined roent- 
genoscopic method for quick and accurate, 
768 
of foreign bodies, simple roentgenographic 
methods (abs), 159 
of foreign bodies, tube tilt method, 121 
Location of intrapulmonary cavities and foreign 
bodies, method for, 881 
LoutstIANA RADIOLOGICAL Society, 933 
Lunas, bronchographic picture of rare forms of cys- 
tic degeneration of (abs), 295 
carcinoma, anthracosilicosis simulating (abs), 
139 
chronic nontuberculous basal infections of (abs), 
777 
diabetic, lipid content of (abs), 137 
division of segments of (abs), 469 
early roentgen diagnosis of neoplastic metasta 
sis in (abs), 296 
healing of early infiltrations as shown by roent- 
gen examination (abs), 296 
importance of pressure conditions in chest a! 
abdomen for roentgen examinations 
(abs), 468 
lesions of, in lymphomatoid diseases, 342 
method for location and measurement of intr 
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pulmonary cavities and foreign bodies, 881 
primary tumors, roentgen diagnosis and _ther- 
apy, 701 ; 
roentgen findings in, in asthma (abs), 298 
sarcoma of (abs), 781 
I.upus of mucous membranes, radium treatment 
(abs), 158 
LYMPH NODE metastasis in cancer of cervix and 
vulva, results in treatment, 813 
LYMPHANGITIS, roentgen treatment of, 74 
L_YMPHOGRANULOMA, abdominal, icteric and gastric 
syndrome from (abs), 306 
L.YMPHOMATOID DISEASES, lesions of lungs in, 342 
LymMpHOSARCOMA, lesions of lungs in, 342 


MALIGNANT LESIONS, use of zinc peroxide in (abs), 
319 
MANDIBLE, tuberculosis of (abs), 131 
MANDIBULAR CONDYLE, roentgenograms of, 637 
MARBLE BONE DISEASE, roentgen picture of (abs), 310 
Mayneorp, W. V., honored, 282 
MEASUREMENT of energy of roentgen irradiation 
(abs), 318 
of intrapulmonary cavities and foreign bodies, 
method for, 881 
of soft roentgen rays for biological experiments, 
614 
of true conjugate with new lightweight rule, 935 
MEDIASTINUM, diagnosis and treatment of tumors 
of (abs), 154 
movements of, during respiration in bilateral 
pneumothorax (abs), 779 
tuberculosis of, 489 
MEGACOLON, congenital, localized absence of gang- 
lion cells of myenteric plexus in (abs), 475 
treatment of, with acetylbetamethylcholine 
bromide (abs), 476 
MELANOBLASTOMA, results of radiotherapy of (abs), 
153 
MENINGIOMA, roentgen appearance of skull in (abs), 
293 
MENISCAL LESION in knee joint, roentgenographic 
symptoms of (abs), 791 
MENTAL DEFECTIVES, sella turcica in (abs), 465 
MESENTERITIS, retractile, roentgen finding in course 
of (abs), 305 
Merapouism, calcium, rdle of, in pathogenesis and 
treatment of calcium urolithiasis (abs), 
782 
Merastasis, bone, from malignant epithelial tumor, 
unusual roentgen appearance (abs), 144 
bone, from scirrhous adenocarcinoma of left 
nale breast, §89 
bone, unusual case of, of skin epithelioma (abs), 
800 
intracerebral carcinomatous (abs), 131 
lymph node, in cancer of cervix and vulva, re- 
sults in treatment, 813 
neoplastic, in lungs, early roentgen diagnosis 
(abs), 296 
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MerararsA_ head, deformity of first, due to faulty 

foot mechanics (abs), 145 
heads of both feet, sesamoids beneath (abs), 797 

MICROCEPHALY in moronic individual, 55 

MITRAL VALVE, roentgen picture of calcium deposits 
in region of (abs), 299 

Moresus corpis, congenital, ectodermal dysplasia, 
polydactyly and chondrodysplasia, syn- 
drome characterized by (abs), 793 

Moron, brachydactyly, polyphalangism, and brachy- 
metapodism in, with microcephaly, in- 
ternal frontal hyperostosis and endogenous 
obesity, 55 

Mucosa, gastrointestinal, roentgen image of (abs), 
473 

of normal termina! ileum, roentgen studies, 63 

Mucous MEMBRANES, radium treatment of lupus of 
(abs), 158 

MYASTHENIA GRAVIS, roentgenoscopy of pharynx in, 
before and after prostigmine injection, 357 

Myevocrapny, diagnosis of intramedullary spinal 
cord tumors by, 321 

MyenTeric PLExus, localized absence of ganglion 
cells of, in congenital megacolon (abs), 475 

MyocarRDIAL INFARCTION, diagnosis of, by roent- 
genoscopic examination (abs), 299 

MyosITIs OSSIFICANS TRAUMATICA (abs), 150 

MyxeEpeEM4A, pericardial effusion in (abs), 300 


NaTIONAL YouTH ADMINISTRATION health program, 
763 
NECK, roentgen irradiation of cellulitis of, 831 
NeEcrOsIs, aseptic epiphyseal, roentgen picture of, 
with preservation of articular cartilage 
(abs), 312 
NeEopLasMs producing endocrine disturbances in 
childhood (abs), 150 
renal, differential diagnosis of, and hydroneph- 
rosis or pyonephrosis from pyelographic 
standpoint, 214 
NEOSACRALIZATION, unilateral, of lumbar spine 
(abs), 312 
NeEpHROMA, silent (abs), 782 
NEURINOMA, intrathoracic, roentgen diagnosis (abs), 
297 
NEUROFIBROMA, pendunculated, of bladder (abs), 
478 
Newsorw, focal epileptogenic lesions of (abs), 466 
roentgen appearance of sella turcica in (abs), 
294 
Staphylococcus aureus infection of long bones in 
(abs), 792 


NucLEaAR PHysics, applied, conference on, 120 


Osesity, endogenous, in moronic individual, §5 

OccULO-CHIASMATIC SYNDROME, intracranial pro- 
trusion of ethmoid-sphenoid cells with 
(abs), 466 

OLLIER’S DYSCHONDROPLASIA (abs), 796 
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Orsit, dermoids and cholesteatomas of, roentgen 
diagnosis (abs), 293 
OssIFICATION, accessory centers of, for vertebral 
bodies (abs), 310 
factors influencing appearance of centers of, 
during early childhood (abs), 786 
pericapsular, of shoulder, 379 
OssiFications, local, of common vertebral ligament 
(abs), 788 
OsTeocHonNpRITIS dissecans of hip (abs), 146 
juvenile, of hip, lesions of neck of femur in (abs), 
313 
Ostreopystropny, bilateral, of neck of femur (abs), 
79! 
OsTEOGENIC SARCOMA, treatment (abs), 151 
OsTEOGENESIS IMPERFECTA, 850 
tarda, case of, with platyspondylysis (abs), 789 
OsTEOID-OSTEOMA (abs), 785 
OsTEOMYELITIS, nonsuppurative, pseudofractures a 
manifestation of (abs), 784 
Ovary, carcinoma, treatment, 403 
dermoid cysts of, 627 


Pain due to cancer, cobra venom in relief of, 866 
Pancreas, aberrant nodule of tissue from, in wall of 
stomach (abs), 303 
carcinoma of head of, 380 
PAROTITIS, roentgen treatment, 74 
PENNSYLVANIA RADIOLOGICAL Society, 630 
Peptic ULCER, anatomical healing of, on lesser curva- 
ture of stomach (abs), 473 
disappearance of roentgen picture of niche (abs), 
473 
malignant, diagnostic importance of plateau 
niche (abs), 302 
present day accuracy in roentgen diagnosis of 
(abs), 301 
roentgenography of anatomical specimens of, of 
stomach (abs), 474 
PerroraTion, free gas in abdominal cavity as sign 
of (abs), 471 
PERICARDIAL EFFUSION in myxedema (abs), 300 
PericarpiumM, hernia, diverticula and sacculated 
exudates of, symptomatology and differen- 
tial roentgen diagnosis (abs), 469 
PERIDUODENAL LESIONS, roentgen diagnosis, 718 
PHARMACOLOGICAL BEHAVIOR of sodium thorium 
tartrate and its roentgen diagnostic value 
265 
PHARMACOLOGY of human blood after exposure to 
roentgen rays, 446 
PHARYNX, roentgenoscopy of, in myasthenia gravis 
before and after prostigmine injection, 357 
PHOSPHATASE DETERMINATIONS, serum and tissue, in 
radiation therapy (EF), 757 
PuysicaL stupy of intracavitary radium therapy, 
235 
Puysicians, radiodermatitis among, 696 
Puysicists, list of approved, 933 
PirtsBURGH ROENTGEN SOCIETY, 934 


June, 14, 


PITUITARY GLAND, changes in, after destruction of 
thymus by roentgen irradiation (abs), 16 
PLANIGRAPHY See Roentgenography, sectional 
PLATYSPONDYLYSIS, Osteogenesis imperfecta tarda 
with (abs), 789 
PLeuRA, calcification of (abs), 779 
PLEURAL EFFUSION (abs), 139 
PNEUMO-ENCEPHALOGRAMS, in progressive hepato- 
lenticular degeneration, 714 
Pneumonia, lipoid (abs), 139 
lobar, roentgen treatment, $91 
roentgen treatment, 74 
PNEUMOPERITONEUM, accidental (abs), 140 
PNEUMOTHORAX, bilateral, mediastinal movements 
during respiration in (abs), 779 
extrapleural (abs), 779 
spontaneous (abs), 781 
tension (abs), 781 
use of, in differentia! diagnosis of diaphragmatic 
hernia and eventration, 72 
POLAROID STEREOSCOPE, 744 
Po.ypactyLy, ectodermal dysplasia, chondrodys- 
plasia and congenital morbus cordis, syn- 
drome characterized by (abs), 793 
POLYPHALANGISM in moronic individual, 55 
Po.yposis, intestinal, differential diagnosis, 551 
Popu ation, adult relief, of small community, roent- 
gen study of (abs), 133 
von Poswik, Gisela 1875-1940, obituary (E), 277 
portrait, 277 
ProGeRIA, report of case and review of literature 
since 1929 (abs), 149 
PROSTIGMINE, roentgenoscopy of pharynx in myas- 
thenia gravis before and after injection of, 
357 
PsEUDOFRACTURES, manifestation of nonsuppurative 
osteomyelitis (abs), 784 
PyeLocrapny, differential diagnosis of renal neo- 
plasms and hydronephrosis or pyonephrosis 
by, 214 
value of, in diagnosis of extrarenal abdominal 
tumors (abs), 309 
PyLEPHLEBITIS, roentgen-ray aid in diagnosis of, 724 
Pyonepurosis, differential diagnosis of renal neo 
plasms from, by pyelography, 214 
Pyurta, imperforate hymen causing (abs), 783 


QuADRIPLEGIA, case of (abs), 787 
Quimsy, Edith H., portrait opposite page 1 


RapiaTion, dependence of biological effect of, on in 
tensity and wave length, 605 
therapy in cancer of skin, 382 
therapy, serum and tissue phosphatase deter 
minations in (E), 757 
200 and 400 kv., comparison of certain aspect 
of, 909 
RADIODERMATITIS among physicians, 696 
RapioLocicaL Conference, Midsummer, in Rock) 
Mountains, 767 
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consultant, 117 
RaproLocy in United States Army, 733 
RADIOSENSITIVITY of tumors, 641 
RADIOTHERAPY, postoperative, improvement of re- 
sults with, in carcinoma of ovary, 403 
Rapium beam therapy, 683 
progress of, since earliest therapeutic availa- 
bility, 677 
therapy, intracavitary, physical study of, 235 
therapy of cancer of uterus, 250 
therapy, specification of dosage in, 1 
Rats, adult, effect of high voltage roentgen rays on, 
414 
young, effects of roentgen irradiation at low tem- 
perature on skin of, 888 
Ray, invisible, 932 
RAYNAUD’S DISEASE, relief of symptoms in, by roent- 
gen therapy, 412 
RecTUM, carcinoma, treatment (abs), 157 
REGMOGRAPHY, condenser apparatus for (abs), 480 
RENAL digestive reflex (abs), 477 
REPRODUCTIVE SYSTEM, female, relation of sex hor- 
mones to tumors of, 426 
RESPIRATION, mediastinal movements during, in bi- 
lateral pneumothorax (abs), 779 
RESPIRATORY TRACT, lower, roentgen diagnosis of 
nonopaque foreign body in, 843 
RETROPERITONEAL lipofibrosarcoma in child (abs), 
475 
Rickets, refractory (abs), 143 
treatment of, by parenteral administration of 
one massive dose of vitamin D (abs), 159 
ROENTGEN apparatus, explosion and fire hazard of 
anesthetics in presence of, 737 
diagnosis, value in, of sodium thorium tartrate, 
265 
examination of shoulder, new film holder for, 
288 
film, sensitometry of, and interpretation of sen- 
sitometric data, 895 
findings in tuberculin reactors and nonreactors 
(abs), 776 
installation, supervoltage, in Antoni van Leeu- 
wenhoekhuis at Amsterdam (abs), 320 
irradiation, action of, given in different ways on 
bone marrow and its cells (abs), 316 
irradiation, effects of, at low temperature on 
skin of young rats, 888 
irradiation, effects of, on experimental hyper- 
thyroidism, 692 
irradiation, heavy, statistical study of late ef- 
fects of, on healing of skin wounds, 107 
irradiation in treatment of inflammations, 74 
irradiation, measurement of energy of (abs), 318 
ray aid in diagnosis of acute portal thrombosis 
(pylephlebitis), 72 
ray unit, mobile, used at New York World’s 
Fair, 124 
rays, “contact,” experimental studies, 600 
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swelling of tissues, from examination of 
grains of rye (abs), 317 
rays, effect on cell growth by (abs), 317 
rays, high voltage, effect of, on heart of adult 
rats, 414 
rays, pharmacology of human blood after ex- 
posure to, 446 
rays, soft, production and measurement of, for 
biological experiments, 614 
study of adult relief population of small com- 
munity (abs), 133 
technique, development of science of, 161 
therapy at 350 kv., changes in blood picture 
after (abs), 156 
therapy, course of glycemia curve in cancer pa- 
tients treated by superteleroentgen therapy 
(abs), 156 
therapy, hypersensitivity to sulfanilimide fol- 
lowing (abs), 157 
therapy, method of simplified depth dosage cal- 
culation for clinical purposes, 915 
therapy of lobar pneumonia, $91 
therapy, relief of symptoms in Raynaud’s dis- 
ease by, 412 
therapy, suction type cone for, 461 
tube in roentgenoscopy and in normal and ultra- 
short roentgenography (abs), 480 
RoOENTGENOGRAM and tuberculin test in early tuber- 
culous lesion, 481 
chest, sarcoid disease as revealed in, 505 
ROENTGENOGRAMS of mandibular condyle and zygo- 
matic arch, 637 
roentgenoscopic “spot,” in diagnosis of early 
pulmonary tuberculosis, 871 
ROENTGENOGRAPHY, condenser apparatus for, with 
exposure time of one thousandth second and 
for regmography (abs), 480 
evaluation of, of surgically exposed kidney in 
treatment of renal calculi (abs), 478 
of anatomical specimens of ulcer of stomach 
(abs), 474 
roentgen tube in normal and ultrashort (abs), 
480 
sectional, image in (abs), 320 
sectional, of chest (abs), 315 
sectional, technique for examination of heart by 
(abs), 299 
RoENTGENOLOGISTS, biophotometric measurements 
of dark adaptation among, 753 
RoENTGENOLOGY, physiotherapy and radium ther- 
apy, clinical statistical report of section on, 
for period 1934-1938 (abs), 154 
RoENTGENOSCOPICc method, combined, for quick and 
accurate localization of foreign bodies, 768 
RoENTGENOscopPy, advantages of, in diagnosis of 
early pulmonary tuberculosis, 871 
as diagnostic aid in coronary occlusion, 350 
diagnosis of coronary occlusion and myocardial 
infarction by (abs), 299 
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of pharynx in myasthenia gravis before and 
after prostigmine injection, 357 
roentgen tube in (abs), 480 
RUBBER GOODs, suggestion to save for national de- 
fense, 932 
Rye, dependence of action of roentgen rays on degree 
of swelling of tissues, from examination of 
grains of (abs), 317 


SACROILIAC REGION, common anatomical variation 
in (abs), 146 
SARCOID DISEASE as revealed in chest roentgenogram, 
505 
Sarcoma, Ewing’s, of lower jaw (abs), 467 
of lung (abs), 781 
osteogenic, insufficiency fracture of tibia re- 
sembling, 209 
osteogenic, treatment (abs), 151; (abs), 798 
39, rat, in situ, time-intensity factor of tumor 
dose, 600 
Scrotum, carcinoma of (abs), 479 
SELECTIVE service examinations, 281, 764 
SELLA TURCICA in mental defectives (abs), 465 
in newborn, roentgen appearance (abs), 294 
SENSITOMETRY of roentgen film and interpretation 
of sensitometric data, 895 
SeRuM and tissue phosphatase determinations in ra- 
diation therapy (E), 757 
Sesamoips beneath all metatarsal heads of both feet 
(abs), 797 
SESAMUM CUBITI, unusual locking of elbow joint by, 
731 
SHoRT waves, effect of ceil growth by (abs), 317 
SHOULDER, new film holder for roentgen examination 
of, 288 
pericapsular ossification of, 379 
SICKLE CELL ANEMIA, with unusual bone changes, 
22: 
S1cMo1D, acute volvulus, roentgen findings in (abs), 
141 
SINUSES, accessory, Overpneumatization in hemi- 
plegia, 332 
paranasal, from birth to late adolescence (abs), 
464 
paranasal, size of, as observed in routine antero- 
posterior roentgenograms (abs), 464 
SINUSITIS, roentgen treatment, 74 
SKELETON, growing, effects of hemophilia on (abs), 
144 
multiple hereditary deformities of, in moronic 
individual, with microcephaly, internal 
frontal hyperostosis and endogenous obes- 
ity, 55 
SKIN, cancer, radiation therapy in, 382 
epithelioma, unusual case of bone metastases of 
(abs), 800 
of young rats, effects of roentgen irradiation at 
low temperature on, 888 
radium treatment of neglected cancers of (abs), 
158 
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reaction, erythematous, produced by alpha-par- 
ticle beam, 109 
wounds, statistical study of late effects of heavy 
roentgen irradiation on healing of, 107 
SKULL, “brush,” in infantile Cooley’s disease (abs), 
465 
cerebral hemiatrophy with compensatory hy- 
pertrophy of, and sinuses, and diminution 
of cranial volume, 332 
lacuna (abs), 464 
roentgen appearance of, in meningioma (abs), 
293 
tuberculosis of flat bones of vault of (abs), 147 
SMITH-PETERSEN NAIL, intrusion of, into acetabu- 
lum (abs), 796 
SODIUM THORIUM TARTRATE, pharmacological behay- 
ior of, and its roentgen diagnostic value, 
265 
SouTH, incidence of bronchomycosis in, 513 
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